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reliability  of  naval  radar  systems 

(Unclassified  Title) 

INTRODUCTION 

(U)  Existing  naval  radar  systems  exhibit  low  mean  time  between 
failures  (MTBF)  and  poor  operational  availability.  Typically,  opera- 
tional MTBF's  may  range  from  5 to  200  hours,  and  operational  availabil- 
ities may  range  from  10  to  60Z.  (See  Appendix  A for  definitions  of 
acronyms  and  special  terms.)  As  a consequence  of  such  performance,  in 
an  age  when  satellites  have  electronics  systems  which  operate  with  life 
times  measured  in  years,  and  when  space  probes  travel  interplanetary 
distances  to  perform  sophisticated  experiments,  questions  are  increas- 
ingly raised  about  the  poor  reliability  of  military  electronic  systems. 

(U)  This  report  provides  a basis  for  relating  operational  reli- 
ability of  naval  radar  systems  to  the  reliability  achieved  by  other 
electronics  systems.  Current  naval  radar  systems  are  examined  for  cheir 
reliability,  design  concepts,  stress  levels,  and  modes  of  operation. 
Additionally,  this  report  presents  a brief  consideration  of  reliability- 
growth  procedures  and  projects  the  operational  reliability  achievable 
with  present  day  technology. 


OBJECTIVES 

(U)  The  primary  objective  of  this  report  is  to  document  the  opera- 
tional reliability  of  representative  radar  systems.  Additional  objectives 
include: 

(1)  To  document  the  growing  complexity  of  military  electronic 
systems  and  compare  them  with  their  approximate  non-mil- 
itary equivalents. 

(2)  To  indicate  the  design  and  development  impact  of  such 
factors  as:  parts  count,  component  quality,  screening, 
de-rating,  burn-in  and  redundance  on  the  reliability  of 
an  electronic  system, 

(3)  To  document  the  growth  in  radar  systems  reliability 
achieved  through  reliability  growth  programs. 


Note:  Manuscript  aubmitud  Aufuat  28,  1878. 
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I.  MAGNITUDE  OF  THE  NAVY'S  PROBLEM  • . 

A.  General  Factors 

(U)  Operational  naval  radars  were  chosen,  representative  of  specific 
important  functional  categories.  Examples  are  the  selection  of  the 
AN/SPS-10  and  the  AN/SPS-55  as  a representatives  of  shipboard,  surface* 
surveillance  radars,  and  the  AN/SPN-43  as  a representative  of  an  aircraft 
approach  control  radar. 

(U)  For  a variety  of  reasons,  the  compilation  of  credible  data  on 
the  reliability  of  radar  systems  has  been  a difficult  task.  On  some 
systems,  the  need  for,  and  the  value  of,  such  data  has  been  barely 
recognized;  on  other  systems,  financial  and  manpower  constraints  have 
precluded  the  adequate  reporting  of  data;  on  still  other  systems  the  data 
may  be  extensive  but  of  questionable  value.  An  example  is  the  reporting 
of  a system  MTBF  for  an  aircraft  approach  control  radar  based  on  the 
number  of  hours  the  carrier  is  at  sea,  "steaming  time,"  rather  than  on 
the  number  of  hours  the  radar  actually  operating  during  this  time. 

(U)  The  sources  of  radar  systems  documentation  data  used  in  this 
report  are  varied.  An  effort  has  been  made  to  incorporate  only  the  most 
current  data  available  and  to  credit  the  source.  In  some  instances 
"official"  Navy  or  company  data  is  either  unavailable  or  non-re leaseable. 
When  possible  and  appropriate,  "official"  sources  are  used.  The  several 
references  to  non-military  electronics  systems  in  this  report  are  examples 
where  "company"  policy  prohibits  the  release  of  MTBF  data  and  a company 
authorized  "parts  count"  is  not  published,  yet  credible  information  was 
available  through  personal  communication  and  reference  to  schematics  and 
service  publications. 

(U)  The  radar  systems  selected  for  documentation  are  shown  in 
Table  I.  The  non-military  systems  are  included  for  purposes  of  reference 
and  comparison.  Each  of  the  system  listed  in  Table  I is  referred  to  in 
subsequent  parts  of  this  report.  Photographs  of  systems  and  major  sub- 
assemblies  (hardware),  block  diagrams,  tabular  listing  of  system  para- 
meters and  discussion  is  provided  for  each  of  the  systems. 
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( U)  TABLE  I 

Radar  Systems  Selected  for  Documentation  (U) 
Type  of  Radar  Nomenclature 


Shipboard  Surfr.ee  Search 

AN/SPS-10 

AN/SPS-55 

2-D  Air  Search 

AN/SPS-40 

AN/SPS-49 

Point  Defense 

AN/SPS-65 

TAS 

3-D  Air  Search 

AN/SPS-48 

Missile  Track/Illuminator 

AN/SPG-51D 

Fire  Control 

MK86 

Search 

AN/SPQ-9A 

Track 

AN/SPG -60 

Air  Traffic  Control 

Carrier 

AN/SPN-43 

Land  (Navy/FAA) 

AN/FPN-59  (FAA  ASR-8) 

Airborne  Early  Warning 

AN/APS-96 
AN/APS- 120 
AN/APS-125 

NASA  Satellite  Altimeter 

GEOS-C 
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(U)  The  magnitude  of  the  Navy's  problem  is  not  completely  con- 
veyed through  the  reference  to  any  single  statistical  parameter  such  as 
the  system  MTBF.  Important  elements  of  the  total  problem  include  such 
factors  as  the  stress  levels,  system  complexity  (or  parts  count), operat- 
ing environment,  operating  modes,  and  mission  requirements.  In  turn, 
each  of  these  factors  may  be  sub-divided  into  one  pr  more  categories. 

As  an  example,  MIL-HDBK-217B  identifies  and  describes  9 nominal  environ- 
mental conditions,  each  of  which  results  in  a unique  modifier  to  be 
applied  in  the  determination  of  part  failure  rates. 

(U)  Table  II  lists  these  environmental  conditions  in  increasing 
order  of  severity,  with  the  least  severe  being  "Ground,  Benign"  and  the 
most  severe  being  "Missile,  Launch." 

(U)  Indicative  of  the  impact  of  environmental  conditions  on  a 
system,  operational  MTBF  data  can  be  cited  for  approximately  the  same 
system  used  in  two  different  environmental  situations.  Technical  Report 
ASD-TR-73 -22  indicates  that  the  AN/APQ-120  developed  for  Air  Force  use 
in  F-4E  aircraft  had  a predicted  MTBF  of  45  hours  and  a reliability 
demonstration  of  4.3  hours.  Essentially  the  same  system  with  a more 
complex  antenna  pedestal  and  external  cabinets  to  house  the  hardware 
instead  of  the  F-4E  fuselage  is  manufactured  by  Westinghouse  Electric  as 
the  W-120,  a shipboard  radar  currently  rated  at  a 200  hour  MTBF. 

(U)  Table  II  explains,  in  part,  the  difference  between  the  reli- 
ability problems  for  naval  radars  and  "long-lived"  satellites. 

The  respective  modification  factors  are  4.0  and  0,2.  Thus,  in  the 
absence  of  other  considerations,  a space  radar  has  a 20  to  1 advantage 
in  MTBF  over  a naval  radar.  The  envirc ament al  factor,  however,  is  only 
one  of  the  reasons  for  the  differences  in  system  MTBF' s.  Other  factors 
which  will  be  developed  are  the  differences  in  mission,  power  levels, 
stress,  and  costs  allowed  for  the  development  and  assurance  of  reliability 

(U)  Table  III  provides  further  information  which  will  help  to 
develop  appreciation  for  the  Interrelationships  between  system  use  or 
mission  (including  the  environment),  complexity  (parts  count),  and  stress 
(power,  voltage,  heat,  shock,  and  vibration). 

(U)  As  indicated  earlier,  one  of  the  objectives  of  this  report  is 
to  document  the  complexity  of  military  systems  and  to  compare  them  with 
non-military  systems.  The  "parts  count"  of  an  electronic  system  is  a 
common  measure  of  system  complexity.  In  its  simplest  form  it  is  a 
count  of  the  total  number  of  discrete  components  which  are  connected 
together  to  form  an  operating  system.  Such  parts  are  the  resistors, 
capacitors,  tubes,  solid-state  devices,  coils,  transformers,  and  other 
Items  typically  in  a schematic  diagram  of  the  system.  In  a real  system, 
the  parts  count  should  include  much  more  than  the  basic  electronic  com- 
ponents; i.e.,  the  electrical,  electromechanical,  and  mechanical  hardware 
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(U)  TABLE  II 

Environmental  Classifications  (U) 

Environment  Nominal  Environmental  Conditions  Factor 

Ground,  Benign  Nearly  zero  environmental  stress  with  0.2 

optimum  engineering  operations  and 
maintenance . 

Space  Flight  Earth  orbital.  Approaches  Ground,  Benign  0.2 

conditions  without  access  for  maintenance. 

Vehicle  neither  under  powered  flight  nor 
in  atmospheric  re-entry. 

Ground,  Fixed  Conditions  less  than  ideal  to  Include  Install-  1.0 
ation  in  permanent  racks  with  adequate  cooling 
air,  maintenance  by  military  personnel  and 
possible  installation  in  unheated  buildings. 

Ground,  Mobile  Conditions  more  severe  than  those  for  Ground,  4.0 
(and  Portable)  Fixed  mostly  for  vibration  and  shock.  Cooling 
air  supply  may  also  be  more  limited,  and 
maintenance  less  uniform. 

Naval  Sheltered  Surface  ship  conditions  similar  to  Ground,  4.0 
Fixed  but  subject  to  occasional  high  shock 
and  vibration. 

Naval,  Un-  Nominal  surf Me  shipboard  conditions  but  with  5.0 

sheltered  repetitive  high  levels  of  shock  and  vibration. 

Airborne,  Typical  cockpit  conditions  without  environ-  4,0 

mental  extremes  of  pressure,  temperature,  shock 
and  vibration. 

Bomb-bay,  tail,  or  wing  installations  where  6.0 
extreme  pressure,  temperature,  and  vibration 
cycling  may  be  aggravated  by  contamination 
from  oil,  hydraulic  fluid,  and  engine  exhaust. 
Classes  I and  la  equipment  of  MIL-E-5400  should 
not  be  used  in  this  environment. 

Missile  Severe  conditions  of  noise,  vibration,  and  10.0 

Launch  other  environments  related  to  missile  launch, 

and  space  vehicle  boost  into  orbit,  vehicle  re- 
entry and  landing  by  parachute.  Conditions  may 
apply  to  installation  near  main  rocket  engines 
during  launch  operations. 

* Table  II  la  taken  from  MIL-HDBK-217B. 

**  After  a system  failure  rate  has  been  calculated,  it  should  be  mul- 
tiplied by  tiie  appropriate  factor-value  to  reflect  impact  of  environ- 
ment. 


Airborne, 

Uninhabited 
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(U)  TABLE  III 


Reliability  as 

a Function  of  Comple: 

city  and  Stress 

(U) 

System 

No.  of 
Parts 

Power 

Voltage 

MTBF 

Hours 

B & W TV 
Receiver 

297 

23  W 

0.7  kV 

2,500 

Marine 

Radar 

764 

10  kW 

6.2  kV 

1,000 

FAA  Radar 

18,700 

1,000  kW 

80  kV 

365 

Naval 

Radar 

10,000 

1,000  kW 

30  kV 

50 
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(U)  necessary  for  the  normal  operation  of  an  electronic  system. 

(U)  The  first  system  listed  in  Table  III,  is  a foreign  made, 
black-and-white  solid  state  television  receiver.  The  receiver  is  iden- 
tified as  having  297  series  active  elements  (parts  count),  and  an 
observed  MTBF  of  approximately  2,500  hours.  Stress  factors  are  in- 
dicated by  the  input  power  to  the  receiver  of  23  watts,  and  the  peak 
operating  voltage  of  700  volts  dc. 

(U)  The  second  system  is  a commercial  marine  radar  with  764  parts 
and  an  MTBF  of  approximately  1,000  hours.  Stress  for  this  system  is 
indicated  by  the  peak  pulse  output  power  of  the  transmitter,  10  kW 
(6  watts  average  power  output),  and  a peak  pulse  voltage  of  6.2  kV. 

(U)  The  third  system  is  the  Federal  Aviation  Agency' 3 ASR-8.  The 
ASR-8  has  a parts  count  of  approximately  18,000  elements,  and  an 
observed  MTBF  of  approximately  300  hours.  Peak  power  output  for  the 
transmitter  is  1,000  kW  (720  W average  power  output),  and  the  peak 
system  voltage  is  80  kV. 

(C)  The  fourth  system  is  a naval  radar,  the  AN/SPS-39A  with  a 
parts  count  of  approximately  10,000  and  an  observed  MTBF  of  about  50  hours. 
Power  stress  is  indicated  by  the  peak  pulse  output  power  of  1,000  kW 
(2  kV  average  power  output).  Peak  voltage  stress  for  this  radar  is  30  kV. 

(U)  The  four  data  points  from  Table  III  are  plotted  as  circles  in 
Fig.  1.  Note  that  a line  can  be  drawn  through  three  of  the  data  points 
almcst  parallel  to  the  lines  identified  for  1950  and  1960  systems. 

The  latter  lines  are  based  on  a General  Electric  Co.  report  and  reflect 
the  relationship-between  MTBF  and  system  complexity  for  airborne  elec- 
tronic systems.  The  slope  of  the  line  connecting  the  three  data 
points,  and  the  proximity  of  these  points  to  the  1960  systems-line  offers 
a degree  of  assurance  that  the  first  three  systems  of  Table  III  are  re- 
presentative of  the  state  of  technology  and  engineering  practice  for  this 
period. 
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electrons  systems  parts  count 

FIs.  1 (U)  * Trends  lu  ijritni  complexity  and  MTBF  (0) 


(U)  Several  additional  characteristics  can  be  Inferred  from  the 
curves  shown  in  Fig.  1.  First,  there  is  an  approximate  log -log  linear 
relationship  between  the  MTBF  and  the  parts  count  (complexity)  of  the 
electronics  systems  represented.  Second,  there  is  an  indication  that 
the  type  of  electronics  system  is  not  critical  sc  for  as  the  relation- 
■Mps  shove  la  Fit.  1 are  concerned.  In  tha  exaaple  shown,  a television 
receiver,  a low-power  marine  radar,  and  a high-power  naval  e*da r,  all 
exhibit  the  seme  parts  count  vs,  MTBF  relationship  appropriate  for  1960 
era  technology  and  engineering  practice. 
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B.  Reliability  Growth 

(U)  The  exception  in  Fig,  1,  is  the  data  point  plotted  for  the 
FAA  radar,  the  ASR-9.  The  ASR-8  is  not  representative  of  conventional 
radar  engineering  development  for  either  the  1960's  or  the  1970's.  The 
MTBF  achieved,  and  indicated  in  Fig.  1,  is  the  result  of  a significant 
and  determined  effort  to  achieve  high  availability.  The  ASR-8  data 
point  serves  to  document  that  a determined  reliability  growth  and  devel- 
opment program  can  lead  to  an  MTSF  which  is  an  order  A magnitude  or 
more  above  the  MTBF  achieved  with  system  developed  in  a conventional 
manner.  A similar  superior  MTBF  resulting  from  determined  reliability 
growth  programs  is  documented  in  an  Air  Force  study  which  compares  a 
conventionally  developed  airborne  radar  with  an  approximately  comparable 
system  developed  under  a contract  that  stressed  high  reliability. 1 The 
tvo  systems  are  the  AN/APQ-120  with  an  MTBF,  at  the  time  of  the  study 
of  approximately  4 hours,  and  an  AN/APQ-113  with  an  MTBF  of  approximately 
150  hours. 

(U)  Determined  radar  reliability  growth  programs  have  not  been 
commonplace,  but  other  examples  are  to  be  found  in  the  AN/APQ-148  an 
air-to-ground  attack  radar  the  AN/APG-63,  and  the  AN/AJ*S-125. 

(U)  In  Fig.  2,  another  important  aspect  of  reliability  growth  is 
developed  showing  the  relationship  between  MTBF  and  time  for  reliability 
test,  analysis,  and  redesign. 


Fig.  2 (0)  - Ifea  growth  of  reliability  as  a function  of  a time 
extended  design  and  development  process  (0) 
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(U)  In  Fig.  2,  the  line  at  the  top  of  the  figure  represents  the 
operationally  achievable  system  MTBF.  Point  B,  represents  the  system 
MTBF  achieved  on  initial  operation.  Typically,  for  large  complex 
radars,  the  initial  observed  MTBF's  are  on  the  order  of  1 to  10%  of  the 
intrinsic  system  value.  The  different  values  of  the  MTBF  from  1 to  10% 
referred  to  above  is  indicative  of  "corporate  memory"  or  design  team 
experience.  A company  building  a radar  similar  to  one  that  it  has  man- 
ufactured recently  vith  the  same  design  team  can  reasonably  expect  to 
achieve  the  larger  initial  value,  10%  of  the  system  intrinsic  MTBF. 


(U)  In  contrast  vith  the  above,  a company  building  a new  radar 
vith  a new  design  team,  does  not  have  the  same  degree  of  "corporate 
memory."  Vith  less  experience,  this  company  vould  probably  achieve 
the  lesser  value  of  1 % upon  initial  operation.  Note,  the  reference 
to  a new  design  team  does  not  imply  inexperience  or  incompetence.  The 
point  is  that  the  reliability  of  a complex  system  is  also  to  some 
degree  the  product  of  design  team  educational  process. 

(U)  In  Fig.  2,  the  curve  plotted  betveen  points  B-C  represents 
grovth  in  reliability  as  the  first  system  constructed  is  tested,  analyzed, 
and  improved.  The  first  system  might  be  representative  of  a pre-produc- 
tion prototype.  The  system  represented  by  the  curve  D-E  might  represent 
the  first  production  run,  and  F-C  a still  further  improved  second  year 
production  run.  The  total  grovth  in  MTBF,  from  B to  G represents  the 
reliability  improvement  as  a system  matures.  Page  13  of  the  Reliability 
Design  Handbook,  (Reference  4)  has  a brief  description  of  a similar 
figure.) 

C.  Considerations  for  Achieving  High  Reliability  in  Electronics 

Systems 

1.  General 

(U)  The  achievement  of  high  reliability  in  electronics  systems 
involve*  many  diverse  factors  including:  design;  "corporate  memory"; 

iterat'on  or  maturation;  "screening";  "de-rating";  "burn-in";  together 
vith  a dedication  of  manpower,  materials,  and  time,  to  a sustained 
effort  for  system  reliability  development.  Systems  reliability  can  be 
developed  either  before  or  after  system  production  is  initiated.  It  is 
to  be  emphasized  that  after  the  fact  corrective  action  Is  much  s»re 
costly,  and  generally  much  less  effective  than  the  reliability  improve- 
ments that  precede  the  release  to  production.  These  general  ideas  will 
be  expanded  upon  briefly  in  the  sections  that  follow. 
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2.  Reliability  Design 

(U)  There  are  nmaerous  excellent  texts  and  articles  on  the 
general  topic  of  reliability  and  the  interested  reader  is  referred  to 
these  for  more  details  and  specifics  (References  1,  4,  5,  6,  and  7). 

(U)  General  reliability  theory  introduces  the  concept  of 
failure  rate  (X).  The  time-history  failure  rate  for  a system  is  often 
represented  by  a characteristic  curve  similar  to  that  shown  in  Fig.  3. 


(U)  The  initial  high  and  decreasing  failure  rate  is  referred 
to  as  the  "Infant  mortality"  period.  The  operationally  "useful  life" 
period  is  characterized  by  the  relatively  constant  failure  rate  shown 
in  the  center  portion  of  the  curve.  The  en>d-or-life  period  is  char* 
acterlzed  by  an  increasing  failure  rate  as  components  fall  from  age  and 
weerout. 


(U)  The  failure  rate  of  a component  or  a system  is  defined  as 
the  number  of  failures  per  unit  time.  The  failure  rate,  as  Indicated 
in  Fig.  3,  is  not  constant  for  the  entire  life  of  the  component  or 
system.  During  that  period  of  time  lnoicated  as  useful  life  in  Fig.  3, 
the  failure  rate  is  approximately  constant.  The  approximately  constant 
failure  tate  in  the  useful  life  period  is  the  reciprocal  of  the  KTBF. 
Alternatively,  the  KTBF  of  a component  is  the  recipj^-al  of  the  constant 
failure  rate  for  that  item. 
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(U)  As  an  example,  from  MIL-HDBK-217B  a fixed  composition 
resistor,  type  MIL-R-39008  operating  at  rated  wattage,  and  a temperature 
of  20°C  (68°F)  has  a base  failure  rate,  X^  of  0.0007  (failures  per  10^ 
hours).  The  MTBF  of  the  item  is  then: 

MTBF  - l/\b 

- 1/(0.0007/10^) 

■ 1.43  x 10^  hours 

(C)  An  example  of  a radar  system,  one  which  will  be  referred 
to  later  in  the  report  would  he  the  AN/APS-96,  currently  exhibiting  a 
Mean  Flight  Hours  Between  Failures  (KFHBF)  of  approximately  12.0  hours. 
The  failure  rate  for  the  airborne  AN/APS-96  radar  system  is  then: 

X « l/MFHBP 

- 1/12 

* 0.083  failures  per  flight  hour 


(C)  Reliability,  R(t),  is  the  probability  that  an  item  will 
continue  to  perform  its  specified  functions  up  to  and  including  time  t, 
the  equipment  having  been  operable  at  time  t * 0.  For  the  AN/APS-96  in 
an  E-2  aircraft  with  a 5 hour  endurance,  the  probability  of  completing 
the  mission  is: 

»(t>  - 

_ .-5/12 


R 


(5) 


- .66 


(C)  There  is,  therefore,  a 66Z  probability  of  an  E-2  aircraft- 
completing  its  5 hour  mission  with  its  AN/APS-96  radar  still  operating. 


3.  Redundancy  Considerations 

(U)  One  common  method  of  obtaining  high  reliability  is  the 
use  of  various  forms  of  redundancy.  The  simplest  form  employs  two 
identical  components,  modules  or  even  whole  systems  In  parallel  (Fig.  4). 
There  are  two  general  operating  nodes:  stand-by  redundancy  (Fig.  4a)  and 
active  redundancy  (Fig.  4b). 
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(U)  In  the  stand-by  node,  if  one  nit  fails,  the  failure  is 
sensed  and  a replacement  unit  is  energized;  in  the  active  redundancy 
mode  both  units  operate  simultaneously,  although  only  one  of  the  pair 
need  be  "good"  for  successful  circuit  operation.  The  problems  associated 
with  fault  sensing  or  switching  will  not  be  considered  in  the  subsequent 
. discussions. 

(U)  A redundant  system  in  either  of  these  modes  exhibits  an 
MTBF  greater  than  that  of  the  corresponding  non-redundant  system.  For 
a system  with  a constant  failure  rate  the  improvement  factor  in  the 
active  redundancy  mode  is  1.5  and  in  the  stand-by  mode  the  factor  is  2. 

(U)  This  does  not  indicate  the  full  extra  advantage  of  redun- 
dancy. Vhen  a system  contains  considerable  redundancy,  the  overall  MTBF, 
by  itself,  is  not  sufficient  to  characterize  its  reliability.  Two 
systems  with  the  same  MTBF  could  have  different  reliabilities;  one  could 
have  a greater  MTBF  than  that  of  a second,  yet  its  reliability  could 
actually  be  less.  Other  seeming  anomalies  could  be  cited. 

(U)  The  following  example  illustrates  the  principle  involved: 

(U)  Let  there  be  a requirement  that  a function  be  performed 
with  a reliability  of  0.9  for  a 30  day  (720  hours)  period.  Suppose  a 
module,  version  A,  has  been  manufactured  to  perform  this  function.  After 
infant  mortality  failures  haw*  been  eliminated,  it  is  established  that 
. its  MTBF  is  1895  hours.  This  translates  into  a 30  day  reliability  of 
exp  T -720/18951  * 0.68.  Thus,  the  module  is  unacceptable  and  must  be 
rejected.  The  designer  has  at  least  two  choices: 

a.  He  could  try  to  design  a more  reliable  module,  say 
version  B.with  an  MTBF  of  6,834  hours.  This  would  satisfy  the  reliability 
requirement.  If  however,  the  original  module  were  designed  near  the 
limit  of  present  day  technology,  the  3,6  improvement  factor  in  MTBF 
might  be  either  unattainable  or  excessively  costly. 

b.  Alternatively,  a pair  of  the  original,  A version, 
modules  could  be  connected  in  the  active  redundancy  mode.  The  reli- 
ability of  this  package  would  be  [2  exp  (-720/1895)-exp(-1440/1895) j-0.9 
which  would  also  meet  the  specifications.  In  this  case  the  MTBF  would 
be  only  2843  hours  (1.5  X 1895). 

(U)  Thus,  two  different  systems  have  been  exhibited  with 
different  MTBF's  (6834  and  2843)  but  with  the  same  reliability  (0.9). 

(U)  If,  further,  a new  module,  say  version  C,  with  constant 
failure  rate  and  MTBF  of  2843  hours  were  constructed,  its  reliability 
for  90  days  would  be  only  0,75.  However, vers ion  C and  the  aforementioned 
pair  of  version  A modules  are  two  systems  with  the  same  MTBF  (2843)  but 
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(U)  different  reliabilities  (0.75  and  0.9). 

(U)  There  are  two  obvious  conclusions  from  the  foregoing 

argument: 

a.  A system  specification  should  include  both  the  reli- 
ability and  the  mission  period  for  which  it  applies  rather  than  simply 
the  MTBF  alone. 


b.  When  the  system  design  incorporates  a degree  of  redun- 
dancy, using  the  MTBF  alone,  and  incorrectly  assuming  a constant  failure 
rate  for  the  system,  leads  to  a pessimistic  assessment  of  the  system's 
reliability. 

D.  Quality  of  Components 

(U)  In  the  design  of  a modern  radar,  there  is  a trade-off  between 
the  quality  of  parts  used  and  the  overall  system  procurement  cost.  For 
the  Navy,  this  has  meant  specifying  for  example:  Established  Reliability 

(ER)  level  P for  resistors  and  capacitors,  JANTX  level  for  transistors, 
and  MIL-M-38510  Level  B for  Integrated  Circuits.  The  present  section 
considers  the  theoretical  improvement  attainable  in  system  reliability 
if  still  higher  quality  components  were  used. 

(U)  To  perform  the  analysis  in  a meaningful  way,  it  seemed  best 
•■o  choose  a particular  representative  radar  and  to  perform  detailed 
reliability  prediction  calculations  based  on  this  radar  for  each  of  two 
levels  of  component  quality.  The  radar  selected  was  the  ASR-8,  the  FAA 
air  terminal  radar,  which  is  being  procured  by  the  Navy  in  essentially 
the  sams  rersion,  designated  as  the  AN/FPN-59.  A particular  advantage 
of  this  choice  is  that  the  detailed  part-by-part  system  reliability  data 
assembled  by  the  manufacturer,  Texas  Instruments,  was  provided  by  the 
FAA. 

(U)  Although  the  radar  was  not  procured  under  Navy  specifications, 
the  resistors  and  capacitors  approximate  N or  P level  Established  (ER) 
components,  the  transistors  are  JANTX  or  even  in  some  cases  JANTXV  and 
the  manufacturer  screens  and  "bum-in"  IC's  to  a level  equivalent  to 
MIL-M  38510  Level  B-2,  or  B-l.  Thus,  the  ASR-8  is  an  example  of  a 
system  with  good  quality  parts,  similar  in  quality  to  that  recommended 
for  present  naval  radars. 

(U)  Aside  from  the  antenna  and  the  central/data  link  subsystems 
the  ASR-8  is  capable  of  operating  as  a dual  channel  system  (Fig.  5). 

The  system  includes  two  wavegulde-transmitter-receiver-proceasor  chains 
of  equipment,  operated  in  parallel.  Even  in  those  subsystems  which  are 
not  paralleled  (antenna  assembly  and  controls)  there  is  considerable 
internal  redundancy.  Moreover,  the  system  is  capable  of  performing  its 
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(U)  mission  with  only  one  channel  functioning  (Fig.  6).  In  this  mode  its 
theoretical  MTBF  is  approximately  635  hours.  This  is  near  the  limits 
attainable  from  conventional  design  and  manufacturing  processes.  A more 
detailed  description  of  the  system  and  its  reliability  implications 
appear  in  NRL  Memorandum  Report  3719.® 

(U)  A second  reliability  calculation  was  nade  for  the  ASR-8 
assuming  NASA-like  components.  Specifically,  all  resistors  and 
capacitors  were  assumed  to  be  S-Level,  all  transistors  JANTXV  quality 
and  all  IC's  specified  as  belonging  to  MIL-M3510  Level  A.  DIP  (dual- 
in-line package)  switches,  waveguide  components,  connectors  and  electro- 
mechanical devices  such  as  motors,  and  fans  were  not  changed.  Whether 
these  extremely  high  quality  parts  are  commercially  available,  whether 
a manufacturer  would  be  willing  to  produce  the  required  quantity  and 
what  the  price  might  be  was  not  considered.  Nor  was  the  cost  of  the 
manufacturer's  buying  moderate  level  parts  and  screening  to  obtain  the 
highest  quality  estimated. 

(U)  With  these  higher  quality  components,  an  ASR-8  in  the  single 
series  chain  (single  thread)  mode  of  operation  would  have  a projected 
MTBF  of  1319  hours  if  superior  quality  electronic  parts  were  used 
(Table  IV).  In  other  words,  the  intrinsic  MTBF  of  the  present  system 
can  be  improved  by  at  most  a factor  of  about  2,  by  resorting  to  NASA- 
like  specifications.  The  failure  rates  and  MTBF's  for  the  basic  r,ub- 
systems  are  shown  in  Table  V. 

(U)  There  are  additional  but  minor  improvements  possible.  If  all 
potentiometers  were  eliminated  and  replaced  by  fixed  resistors,  the  MTBF 
would  theoretically  improve  to  about  1485  hours.  Elimination  of  the  DIP 
switches  in  the  processor  would  raise  the  MTBF  to  a projected  1604  hours 
Any  further  increase  with  the  same  design  would  require  improved 
connectors,  RF  plumbing  and  electromechanical  device  in  general.  The 
results  are  summarized  in  Table  IV. 

(U)  In  its  single  channel  mode  of  operation  the  ASR-8  is  not  a 
truly  single  thread  system.  There  are  two  antenna  drive  motors  where 
one  would  be  sufficient  and  the  control/power  assembly  has  redundant 
pulse  shapers,  line  compensators  and  DC  power  supplies.  By  removing 
these  last  vestiges  of  redundancy,  a completely  single  thread  "Reference 
radar"  can  be  derived.  The  failure  rates  for  the  major  subsystems  are 
shown  in  Table  V.  It  can  be  seen  in  Table  IV  that  there  is  little 
difference  between  the  MTBF's  of  the  original  ASR-8  single  channel  radar 
and  the  Reference  radar.  Subsequent  analysis  in  this  report  will  be 
based  upon  the  latter  radar,  although  data  for  the  actual  ASR-8  will  be 
presented  when  appropriate. 
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(U)  TABLE  IV 
IMPACT  OF' COMPONENT 
QUALITY  ON  SYSTEM  MTBF  (U) 


Component  Quality’ 

Average  Quality 
High  Quality 

High  Quality  Without  Potent. 

High  Quality  Without  Potent, 
and  DIP  Switches 


SYSTEM  MTBF 
(HOURS) 


Single  Channel 
ASR-8 

635 

1319 

1485 


Single  Thread 
Reference  Radar 

609 

1259 

1409 


1604 


1516 


(U)  TABLE  V 

MTBF  and  Failure  Rate  for  Each  of  the  Major 
Sub-Units  of  the  Single  Chain  Reference  Radar  (U) 

Failure  Rate(per  hr)(X  106)  MTBF (Hr s) 

Radar  Standard  High  Quality  Standard  High  Quality 

Sub-Units  Components  Components  Components  Components 


Antenna 

92 

92 

10,870 

10,870 

Wave  Guide 

• 

Installation 

11 

11 

90,909 

90,909 

Transmitter 

277 

181 

3,610 

5,525 

Receiver 

200 

120 

5,000 

8,333 

Processor 

905 

322 

1,105 

3,106 

Controls/Power/ 
Data  Link 

156 

68 

6,410 

14,706 

TOTAL  SYSTEM 

609 

1,259 
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E.  Maintenance  Free  (Unattended)  Radar 

(U)  The  MTBF  of  a system  is  merely  one  of  a number  of  system 
parameters  related  to  its  average  availability,  i.e.,  the  percentage  of 
the  time  that  a system  is  capable  of  performing  its  major  functions. 

(U)  For  a system  that  is  fully  jperational  at  the  start  of  a 
mission,  the  MTBF  is  the  mean  time  to  first  failure..  There  is  a statis- 
tical distribution  of  first  failure  times,  however.  During  its  useful 
life  time,  the  probability  of  a system  failing  before  a time  equal  to 
its  MTBF  is  0.632.  There  is  as  much  as  a 10%  chance  it  will  fail  before 
it  has  operated  10%  of  it*.  MTBF. 

flj)  The  availability  of  a system  A(t),  is  the  probability  that  it 
is  capable  of  being  fully  operational.  Availability  thus  depends  on  both 
the  maintainability  (ease  of  repair  and  adequacy  of  logistics)  as  well 
as  the  reliability.  As  time  increases  from  the  initial  installation  of 
the  system,  the  availability,  A(t),  tends  toward  a limiting  value,  A, 
independent  of  the  time. 


A * MTBF/MDT 

or  A = MTBF/MTTR  + MLT 

where  MDT  = mean  down  time 

MTTR  * mean  time  to  repair 

MLT  ■ mean  logistics  time  (mean  time  awaiting 
spares) 

(U)  It  follows  that  system  availability  can  be  improved  either  by 
increasing  the  reliability  (MTBF)  or  decreasing  the  down  time  (MDT).  The 
Navy  has  struggled  for  years  with  the  problem  of  maintaining  increasingly 
complex  equipment  with  less  than  adequately  prepared  personnel;  the 
achievement  of  satisfactory  logistics  is  an  on-going  and  ever  nr»re 
difficult  problem. 

(U ) Present  and  emerging  technology  in  solid  state  transmitters, 
digital  circuitry  and  fault-tolerant  architectures  suggest  consideration 
of  the  concept  of  a maintenance  free  radar.  Under  this  concept,  there 
would  be  no  maintenance  for  the  duration  of  a prescribed  mission. 

Although  the  initial  acquisition  system  cost  would  increase,  the  total 
life  cycle  cost  could  be  less  and  the  system  availability  could  increase 
dramatically. 

(U)  Mission  periods  of  30  days  to  a year  have  been  suggested  for 
the  radar  to  operate  with  a reliability  of  0.9.  A 30  day  mission  would 
require  an  MTBF  of  6834  hours,  a 90  day  mission  an  MTBF  of  20,501  hours 
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(U)  and  a one  year  mission  an  MTBF  of  83,143  hours— all  for  single  thread 

systems.  It  should  be  noted  that  an  unattended  radar  with  a reliability 
of  0.9  for  a given  period  of  time,  actually  has  an  average  availability 
of  0.95. 

(U)  Several  studies  have  been  mads  to  study  the  feasibility  of  this 
concept.  It  appears  that  there  is  a potential  for  achieving  a 90  day 
system  (References  8,  9,  10,  11,  12,  13)with  available  technology. 

(U)  It  is  instructive  to  consider  the  actual  probabilities  for  the 
Reference  radar  to  survive  30  or  90  days.  These  are  shown  in  Table  VI; 
they  vary  from  0.31  to  0.63  for  30  days  and  0.03  to  0.25  for  90  days. 
Clearly,  surviving  30  days  is  unlikely  and  surviving  90  days  is  extremely 
unlikely. 

(U)  Finally,  again  assuming  that  a reliability  of  0.9  is  a goal 
for  maintenance  f rta  operation,  the  maximum  mission  time  for  which  this 
goal  can  be  achieved  is  shown  in  Table  VII.  Thus,  the  present  ASR-8  will 
b**  expected  to  operate  failure-free  for  2.8  days  and  even  with  the  best 
of  components  could  be  expected  to  last  no  more  than  7 days. 

(U)  It  is  evident  from  tie  preceding  analysis  that  even  one  of  the 
best  of  todays  radars  cannot  become  a maintenance  free  radar  solely  by 
replacing  every  component  with  a much  higher  quality  equivalent.  For  a 
radar  to  have  a 0.9  reliability  of  surviving  30  days  without  a failure, 
its  MTBF  must  be  6834  hours  and  for  90  days  its  MTBF  must  be  20,501 
hours.  These  are  each  far  greater  than  the  1604  hours,  the  best  extrapo- 
lated value  for  the  present  system. 


(U)  TABLE  VI 

Effect  of  Component  Quality  and  System 
Reliability  (Single  Channel  Operation)  (U) 

System  Reliability 

30  Day  Mission  90  Day  Mission 


Component  Quality 

Present 

ASR-8 

Reference 

System 

ASR-8 

Reference 

System 

Standard  Component 

0.32 

0.31 

0.03 

0.03 

High  Quality 

0.58 

0.57 

0.19 

0.18 

High  Quality-No  Potent. 

0.62 

0.60 

0.23 

0.22 

High  Quali'jy-No  Potent. - 
No  DIP  Switches 

0.64 

0.63 

0.26 

0.25 
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(U)  TABLE  VII 

Maximum  Mission  Time  (Days)  for  which  Reliability  of 
System  is  0.9  (Single  Channel  Operation)  (U) 


Component  Quality 

Present 

ASR-8 

Reference 

System 

Standard  Component 

2.8 

2.7 

High  Quality 

5.8 

5.5 

High  Quality-No  Potent, 

6.5 

6.2 

High  Quality-No  Potent. 
No  DIP  Switches 

7.0 

6.7 

F.  Redundancy 

(U)  The  present  section  considers  the  increased  reliability  a 
system  can  attain  through  redundancy.  Again  the  reference  radar  derived 
from  the  ASR-8  will  be  considered.  The  approach  will  be  based  on  the 
maintenance  free  concept;  if  one  module  of  a redundant  pair  fails,  it  is 
not  repaired  during  the  mission  of  interest. 

(U)  Before  proceeding,  it  is  of  interest  to  contrast  this  approach 
with  that  of  the  actual  ASR-8  philosophy.  When  one  of  the  two  redundant 
channels  does  fail  the  operator  takes  it  off-line,  leaving  the  other 
channel  to  perform  most  of  the  relevant  radar  functions.  Highly  skilled 
■Mlntenance  technicians  then  work  to  repair  the  fault  and  Teturn  the 
subsystem  to  operation,  with  a MTTR  of  1 hour.  This  redundancy-with -repair 
concept  requires  extremely  good  logistics  and  highly  trained  personnel. 

It  has  produced  an  availability  for  the  ASR-8  of  0.999;  the  radar  is  off 
the  air  less  chan  1 hour  in  a whole  year.  The  effective  MTBF  for  the 
system  is  in  excess  of  440,000  hours. 

(U)  The  Reference  radar  configured  as  a dual  channel,  system 

(Fig.  5),  has  a maintenance  free  reliability  of  0.54  for  a 30  day  mission 
and  a reliability  of  only  0.07  for  a 90  day  mission.  Use  of  the  High 
Quality  components  would  Increase  the  first  figure  to  0.80  and  the  second 
figure  to  0.35  (Table  Vlll). 

(V)  In  the  present  system,  failure  of  a subsystem  in  one  chain, 
e.g.,  the  receiver  swans  the  whole  waveguide-transmitter-receiver-pro- 
cessor  chain  must  be  replaced.  A more  efficient  use  of  the  saaw  subsystem 
fin  fact,  with  one  less  waveguide  assembly  is  shown  in  Fig.  7.  Here  the 
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(0)  two  transmitters,  the  two  receivers,  the  two  processors  are  each  con- 
nected in  parallel  to  each  other.  This  permits  replacement  of  a single 
sub-assembly  instead  of  a chain  of  four  sub-assemblies.  The  reliability 
increases  ?o  0.62  for  a 30  day  mission  and  to  0.11  for  a 90  day  mission. 
Further  improvement  is  possible  with  the  use  of  high  quality  components. 
The  30  day  mission  would  have  a reliability  of  0.84  and  the  90  day  a 
' reliability  of  0.46  (Table  VIII). 


(U)  TABLE  VIII 

Reliability  for  the  Dual  Channel  Reference  Radar 
with  Various  Degrees  of  Redundancy  (D) 


30  Day  Mission  90  Day  Mission 


Radar 

Configuration 

Standard 

Components 

High  Standard 

Quality  Components 

Components 

High 

Quality 

Components 

"Dual  Channel"  but  with 
1 Waveguide  Assembly 

0.54 

0.80 

0.07 

0.35 

Redundancy  at  Sub-System 
Level 

0.62 

0.84 

0.11 

0.46 

Redundancy  at  Sub-Sub- 
System  Level  (1  Antenna) 

0.89 

0.90 

0.62 

0.70 

Redundancy  at  Sub-Sub- 
System  Level 
(2  Antennas  Active) 

0.93 

0.95 

0.72 

0.73 

(U)  Still  further  reliability  can  be  achieved  by  the  incorporation 
of  redundancy  at  a lower  level,  i.e,,  dualisatlon  of  circuits  within  the 
major  subsystems.  It  should  be  emphasised  that  it  Is  not  proposed  that 
the  following  changes  should  be  made  in  the  present  system;  the  analysis 
is  made  merely  to  indicate,  the  credibility  of  a redundant  approach  to 
system  reliability.  Moreover  there  are  other  redundancy  techniques 
applicable  to  a more  modular  radar  that  do  not  require  1001  replication. 
Nevertheless,  the  calculations  that  follow  are  considered  to  lead  to  a 
reasonable  bench  mark. 

(U)  The  reliability  model  of  the  ASR-8  consists  of  a serial  chain 
of  six  basic  subsysteau,  antenna,  waveguide  installation,  transmitter, 
receiver,  processor  and  control a/power  including  data  Hide.  In  turn  aach 
of  these  la  divided  further  Into  tub-subsystems.  In  all, there  are  103  of 
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(U)  these  sub-subsystems.  Some  of  these  are  already  fully  or  partially 

dualized  with  provision  for  repairing  a failed  unit  while  the  good  unit 
is  itill  operational.  For  the  reference  radar,  no  repair  is  permitted. 
Other  assemblies  can  clearly  be  dualized,  e.g.,  power  supplies,  RF 
drivers,  PRF  generators.  Still  other  assemblies  such  as  the  duplexers, 

TR  limiters,  panel  assemblies  have  been  left  as  single  threads. 

(U)  An  example  of  a group  of  sub-subassemblies  is  shown  in  Fig.  8. 
Here  Che  receiver  is  decomposed  into  its  basic  sub-subassemblies  together 
with  their  failure  rates.  The  redundancy  model  assumes  active  redundancy 
for  12  of  the  18  shown.  Only  the  Module  Rack  Assy. , the  COHO  Crystal  Assy, 
the  TR  Limiter,  the  Isolator,  the  Attenuator  and  the  RF  Switch  remain  as 
single  thread  items. 

(U)  Altogether  in  the  anlysis  78  "units"  were  dualized  (operating 
redundancy)  and  25  "units"  were  left  unchanged.  Again,  the  reliability 
for  two  different  mission  periods,  30  days  and  90  days  and  for  the  two 
quality  levels  of  components  previously  defined  were  calculated.  These 
results  are  also  listed  in  Table  VIII. Failure  rates  tor  the  major  sub- 
systems are  shown  in  Table  IX  and  the  correspoj'ding  reliabilities  for 
30  and  90  day  missions  are  shown  in  Table  XIII. 

(U)  For  the  30  day  mission,  the  reliability  for  the  system  with 
standard  parts  is  0.8.  Use  of  highest  quality  parts  would  only  increase 

the  reliability  to  0.90.  For  the  90  day  mission  the  reliability  using 
standard  parts  is  0.62  and  Is  increased  to  0.70  when  high  quality  parts 
are  used. 

(U)  This  is  in  contrast  to  the  results  for  single  channel  operation 
(Table  VI)  where  the  effect  of  high  quality  parts  is  to  double  the  30  day 
reliability  (0.32  to  about  0.6)  and  to  Increase  the  90  day  reliability 
sevenfold  (0.03  to  0.20). 

(U)  It  appears  that  a radar  can  be  constructed  to  operate  main- 
tenance free  for  30  days.  A 90  day  mission  seems  marginally  achievable, 
using  the  preceding  analysis. 

(U)  It  should  be  recalled  that  the  ASR-8  Is,  in  fact,  a dual  channel 
system  with  approximately  twice  the  number  of  parts  of  the  single  channel 
version.  Thus  the  preceding  hypothetical  redundancy  design  would  not 
lead  to  an  unreasonably  sized  radar. 

(U)  Further,  the  results  era  consistent  with  the  results  of  the 
"unattended"  radar  study  by  Raytheon. 13  In  that  study  the  base  line  singl* 
thread  system  has  a theoretical  MTBF  of  10S0  hours.  It  is  a much  more 
modular  radar  with  44  major  functional  items.  The  90  day  reliability  model 
proposed  does  not  have  complete  redundancy  but  does  have  redundant  units 
for  each  functional  item.  Its  probability  of  surviving  90  days  without  a 
failure  is  0.896  as  compared  with  0,62  for  the  Reference  radar.  This  is 
consistent  with  the  difference  in  the  two  baseline  KTBF’s,  i.e.,  the 
difference  between  1030  hours  end  609  hours. 
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Fig.  8 (U)  - Major  aubvmlta  of  Reference  radar  receiver  (U) 
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(U)  TABLE  IX 

Failure  Races  for  each  of  the  Major  Sub-Units 
of  the  Completely  Redundant  Reference  Radar  (U) 


Failure  Rate  Per  Hr  (X  10^)  of  Equivalent 
Single  Chain  System 


30  Day  Mission 

90  Day  Mission 

Standard 

Components 

High 

Quality 

Components 

Standard 

Components 

High 

Quality 

Components 

Antenna 

69 

69 

69 

69 

Wave  Guide 
Installation 

11 

11 

11 

11 

Transmitter 

31 

23 

40 

28 

Receiver 

21 

19 

26 

21 

Processor 

23 

9 

54 

13 

Con tro 1 s / Power / 
Data  Link 

12 

7 

17 

8 
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(U)  TABLE  X 

Reliability  for  each  of  the  Major  Sub-Units 
of  the  Completely  Redundant  Reference  Radar  (U) 

RELIABILITY 

30  Day  Mission  90  Day  Mission 


RADAR 

SUB-UNITS 

Standard 

Components 

High 

Quality 

Components 

Standard 

Components 

High 

Quality 

Components 

Antenna 

.9515 

.9515 

.8615 

.8615 

Wave  Guide 
Installation 

.9921 

.9921 

.9765 

.9765 

Transmitter 

.9783 

.9836 

.9181 

.9412 

Receiver 

.9850 

.9862 

.9449 

.9553 

Processor 

.9833 

.9935 

.8895 

.9729 

Controls/Power 
Data  Link 

.9913 

.9947 

.9649 

.9821 
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II.  RADAR  SYSTEMS 

(U)  General.  In  this  section  of  the  report,  more  detailed  information 
will  be  presented  on  specific  radars.  The  emphasis  is  on  operational 
naval  systems.  For  purposes  of  comparison,  however,  data  is  also 
provided  for  several  nonmilitary  systems.  A total  of  sixteen  radars 
are  considered  with  at  least  one  representative  selected  from  each  of 
the  functional  categories:  Airborne  Early  Warning,  Surface  Search, 

Two  Dimensional  Air  Search,  Three  Dimensional  Air  Search,  Missile  and 
Fire  Control.  In  addition,  one  satellite  radar  altimeter  is  considered. 

(0)  Specific  MTBF's  are  assigned  to  each  radar  together  with  the 
source  of  the  estimate.  It  is  difficult,  however,  to  obtain  a 
universally  agreed  upon  definition  of  how  to  collect  data  for  this 
parameter. 

(U)  Many  radars  do  not  have  elapsed  time  meters  throughout  the 
system.  It  is  difficult,  in  these  cases,  to  determine  the  number  of 
hours  a radar  has  been  operating.  Even  if  there  are  meters,  all  are 
not  always  read.  Further,  not  all  parts  of  a complex  system  will 
operate  at  the  same  time. 

(U)  The  usual  MTBF  for  a system  is  calculated  by  assuming  the 
system  is  "up”  not  only  during  the  time  it  is  energized,  but  also 
during  the  time  it  is  in  "stand-by".  In  this  mode,  it  is  only  par- 
tially energized  but  believed  capable  of  being  placed  in  operation  with 
little  or  no  delay.  If  there  are  extended  periods  of  stand-by,  this 
method  of  calculation  for  the  MTBF  can  lead  to  an  overly  optimistic 
value.  Certainly,  for  example,  the  relatively  failure  prone  high 
power  sections  of  the  transmitter  are  not  stressed  in  this  mode. 

(U)  Again,  the  definition  of  what  constitutes  a failure  is  a 
8erious  problem.  Should  all  corrective  maintenance  actions  be 
considered  failures?  If  a limited  life  component  fails  after  the 
contractor’s  recommended  replacement  time,  is  it  a "failure"? 

(D)  It  is  not  proposed  to  study  the  problems  associated  with 
data  collection  in  this  report.  Where  available,  the  reliability 
figures  for  shipboard  radars  have  been  obtained  from  FLTAC  (Fleet 
Analysis  Center)  or  NSWES  (Naval  Ship  Weapon  Systems  Engineering 
Station)  reports.  The  MTBF  cited  is  the  "mean  time"  between  failure 
under  continuous  demand.  "Continuous  demand"  assumes  that  all  sub- 
systems of  an  equipment  operate  with  a 100!  duty  factor,  normalized 
to  the  same  time  base  as  necessary.  It  does  not  necessarily  repre- 
sent the  way  the  system  operates  in  practice;  it  is,  however,  both 
useful  in  comparing  systems  and  is  believed  especially  relevant  in 
determining  equipment  readiness. 
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and  RISE  <'^Ltirb0r?e  radars>  3~M  (Maintenance  and  Material  Management) 
and  RISE  (Readiness  Improvement  Status  Evaluation)  data  are  used. 

These  sources  are  believed  of  comparable  credibility  to  the  afore- 
mentioned sources  for  ship  radars. 

(U)  Finally , in  a few  cases , for  either  old  or  very  new  radars 

ludements  engineerS  ^ve  been  Eluded.  These  are  educated 

judgments  but  of  lesser  credibility  than  that  of  the  other  sources 
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A.  Airborne  Early  Warning  (AEW) 

(U)  The  first  systems  to  be  presented  are  a series  of  Airborne 
Early  Warning  (AEW)  radars.  The  radars  are  the  AN/APS-96,  the  AN/APS- 
120,  and  the  AN/APS-125.  These  radars  are  particularly  appropriate 
for  this  report  in  that  they  demonstrate  the  advances  that  can  be 
made  in  operational  capability,  reliability,  and  maintainability. 

The  advances  stem  from  a combination  of  factors  including:  years  of 
reliability  and  maintainability  (R&M)  improvement  programs;  iterative 
and  evolutionary  design  reinforced  by  a continuity  within  the  radar 
design  team  that  dates  from  approximately  1957  to  the  present  date; 
and  the  Incorporation  of  new  technology. 

(U)  The  oldest  radar  in  the  series,  the  AN/APS-96,  with  approx- 
imately 7,000  serial  parts,  evidenced  MTBF's  of  3.0  hours  and  less 
during  Board  of  Inspection  and  Survey  (BIS)  trials.  The  system  has 
been  the  subject  of  numerous  R&M  improvement  programs,  the  first 
really  major  program  being  the  Operational  Improvement  Program  of 
1964-1965.  Current  operational  experience  with  the  AN/APS-96  indi- 
cates MTBF's  of  approximately  12  hours  are  being  experienced. 

(U)  The  newer  AN/APS-120,  which  has  grown  considerably  in 
complexity,  is  currently  evidencing  MTBF's  on  the  order  of  18  hours. 

(U)  The  newest  radar  in  the  series,  the  AN/APS-125  is  not  yet 
operational.  The  APS-125  is  even  more  complex  than  the  APS-120,  with 
a serial  parts  count  of  approximately  25,000.  The  APS-125  in  Corpora- 
tion flight  operations  (not  Navy  operational  use)  is  reported  as 
Indicating  MTBF's  in  excess  of  100  hours. 

1.  The  AN/APS-96  Radar 

(C)  The  AN/APS-96  is  a search  and  height  finding  airborne  early 
warning  radar.  The  AN/APS-96  was  developed  for  use  in  the  E-2A  (old 
W2F-1)  twin  engine,  turbo-prop,  carrier  based  aircraft.  The  aircraft 
carries  a 5 man  crew,  two  pilots,  and  three  men  in  the  Airborne 
Tactical  Data  System  compartment.  The  aircraft  typically  operates  at 
altitudes  of  6.1  to  9.1  km  (20,000  to  30,000  ft.)  and  has  an  approx- 
imate "on  station"  endurance  capability  of  5.0  hours. 

(U)  The  AN/APS-96  radar  together  with  the  AN/APS-143  rotodome 
antenna  were  first  flown  on  the  aircraft  as  an  operating  weapons 
system  in  April  1961.  In-flight  the  rotodome  structure  rotates  at 
6 rpm.  For  stowage  on  board  carriers  in  the  aircraft  wings  fold  back 
and  the  rotodome  structure  retrscts  0.6  £ (2  ft.). 
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(U)  During  BIS  trials  conducted  in  1963-4,  unofficial  records 
cited  a radar  system  MTBF  of  3.0  hours  or  less.  More  recent  records 
covering  the  1976  and  1977  operational  experience  are  contained  in  the 
Airborne  Section  of  the  3-M  Program  reports  (3-M  from  Maintenance  and 
Material  Management)  as  well  as  Naval  Air  Systems  Command  RISE  (Readi- 
ness Improvement  Summary  Evaluation)  reports.  Table  XI  contains 
representative  data  from  the  3M  and  RISE  reports. 


(U)  TABLE  XI 

AN/APS-96  RELIABILITY  AND  MAINTAINABILITY  (U) 


Source 

Time  Period 

MFHBF* 

MMH/MA** 

3-M 

Jan  76  - Jun  77 

12.8 

8.1 

RISE 

Mar  77 

9.9 

9.8 

RISE 

Aug  77 

12.9 

7.7 

* MFHBF  - Mean  Flight  Hours  Before  Failure 

**MMH/MA  - Maintenance  Man  Hours  per  Maintenance  Action 

(U)  Table  XI  data  indicates  that  the  system  reliability  as  rep- 
resented by  the  MFHBF  data,  and  the  maintainability  as  represented  by 
the  MMH/MA  data  varies,  and  is  a function  of  the  chronological  date 
of  data  acquisition  and  the  time  interval  over  which  the  data  acquisi- 
tion process  takes  place.  In  approximate  terms,  the  AN/APS-96  evidences 
a MFHBF  of  alout  12  hours  and  a MMH/MA  of  about  8 hours. 

(U)  There  has  been  a continuing  change  in  the  types  of  mainten- 
ance actions  and  in  the  types  of  failure  as  a result  of  varying 
degrees  of  success  in  R&M  improvement  programs.  In  the  1961  to  1965 
time  period  some  of  the  major  problems  were: 

(a)  inoperative  auto-tune  mechanisms  for  the  final  power  amplifier 

(b)  pulse  compression  circuit  stability 

(c)  antenna  sidelobe  clutter  response 

(d)  arcing  and  breakdown  in  final  output  cavity 

(e)  failures  of  the  output  power  meter 

Most  of  the  cited  problems  have  been  eliminated  by  redesign  and  new 
technology.  Major  antenna  sidelobe  problems  were  initially  relieved 
by  the  combination  of  raising  the  rotodome  antenna  to  a more  elevated 


32 


CONFIDENTIAL 

(THIS  PAGE  IS  UNCLASSIFIED) 


CONFIDENTIAL 


(U)  position  relative  to  the  fuselage  of  the  aircraft  and  by  replacing 
the  metal  (upper-half)  vertical  stabilizers  of  the  aircraft  tail  with 
fiberglass-plastic  material.  The  auto-tune  problem  was  relieved 
through  incorporation  of  broad-band  input  circuitry  for  the  final 
power  amplifier. 

(U)  In  1977  AN/APS-96  problems  for  which  improvements  are  being 
evaluated  or  implemented  are: 

(a)  trigger  pulse  amplifier 

(b)  a modulator  and  set  controls 

(c)  matched  filter  improvement 

(d)  provision  of  a solid  state  synchronizer  and  trigger  beam 

(U)  Table  XIa  is  a general  listing  of  the  AN/APS-96  operating 
parameters,  characteristics,  and  general  information. 

(U)  A block  diagram  of  the  radar  is  shown  in  Fig.  9,  and  the 
external  appearance  of  the  aircraft  is  shown  in  Fig.  10. 


2.  The  AN/APS-120  Radar 

(C)  The  AN/APS-120  is  a search  and  height  finding  airborne  early 
warning  radar.  The  AN/APS-120  was  developed  by  essentially  the  same 
General  Electric  design  team  responsible  for  the  predecessor  AN/APS-96 
and  AN/APS-111  (XN-1)  AEV  radar  systems.  The  AN/APS-120  incorporates 
many  of  the  techniques  and  features  demonstrated  In  the  experimental 
AN/APS-111 (XN-1)  flight  test  program.  Differences  between  the  AN/APS- 
120  and  the  older,  operational  AN/APS-96  are:  incorporation  of  a 
coaxitron  power  amplifier  for  stability,  reliability  and  elimination 
of  the  electro-mechanical  tuning  actuators;  and  AN/APS-171  Antenna 
Croup  with  sum  and  difference  channels;  and  a linear,  quartz,  dis- 
persive delay  line  for  matched  filter  pulse  expansion  and  compression. 

(C)  The  advanced  design  features  incorporated  in  the  AN/APS-120 
permit  the  detection  of  targets  at  longer  ranges  and  in  more  severe 
clutter.  In  spite  of  the  greatly  increased  system  complexity,  19,000 
parts  vs.  7000  for  the  AN/APS-96,  the  reliability  and  maintainability 
of  the  AN/APS-120  has  been  improved  significantly  over  that  of  the 
AN/APS-96.  Recent  RISE  data  indicates  that  in  operational  service  the 
AN/APS-120  is  averaging  MFHBF's  of  about  18  hours,  and  MMH/HA's  of 
about  7 hours. 

(U)  Table  XII  lists  major  operating  parameters,  performance  data, 
and  other  technical  Information  of  the  AN/APS-120. 
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(C)  TABLE  XI* 

AN/APS*96  Radar  Parameters  (U) 


FUNCTION:  starch  and  height  finding 
for  airborne  early  warning. 

FREQUENCY  RANGE  (KHz):  406  - 450 

PEAK  POWER  (ltW):  1000 

AVERAGE  POWER  (W):  3840 

TRANSMIT  PULSE  LENCTH  (ns); 

COMPRESSED  PULSE  LENGTH  (us):  0.2 

PULSE  RATE  (ppj) : ^00 

TRANSMITTER  TYPE:  coherent  (master 
oslllator,  power  moplifier 

OUTPUT  TUBE:  6952  (4605V2 ),  coaxial 

beam  power  tetrode 

EMISSION  BANDWIDTH  (kHz):  6000 

WAVEFORM:  pulsed,  linear  FM(stepped) 

IF  FREQUENCY  (MHz):  i22.3j  30 

IF  BANDWIDTH  (kHz):  5000 

SENSITIVITY  (dBm):  _n3 

NOISE  FIGURE  (dB):  4 

OUTPUT  DATA:  PPI,  Headset 

SPECIAL  SIGNAL  PROCESSING:  pul,« 
compression,  AMTT 

ANTENNA  TYPE:  retarded  wave  endflr* 
ANTENNA  SIZE:  0.76M  x 73M  (2,5'x  24') 
ANTENNA  GAIN  (dB):  2i,3 
POLARIZATION:  horizontal 
BEAMWIDTH  (deg):  110RZ.  7 

VERT,  2o 


ANGLE  COVERAGE  (deg);  HORZ.  360 
VERT.  20 

SCAN  RATE:  HORZ.  6 rpm 
VERT.  N/A 

SECTOR  SCAN  RATE:  N/A 

AMENNA  WEIGHT  (kg):  1C;4  (2300  lbg>) 

BEAn  POSITIONING  TECHNIQUES: 

H0R2.  mechanical 
VERT,  fixed 
LOSING  TYPE:  S/A 

LOSING  RATE  (Hz):  N/A 

CALCULATED  DETECTION  RANGE  ON  1-m2 
TARGET  (nai):  g3  (1571m) 

ANGULAR  ACCURACY:  N/A 

GROSS  WEIGHT  (kg):  1701  (3750  lb) 

MANUFACTURER:  General  Electric 

NUMBER  (mfg/opar):  60/60 

RAVY  COGNIZANT  CODE:  KAVAIR  5333D3 

TECHNICAL  MANUALS:  NAVAIR  -85 
W8A-76.1  ’ 

SOMEtCLATURE  ASSIG1MENT  DATE:  1957 

HUMBER  OF  ELECTRONIC  PARTS  USED:  7000^ 

MTBP  (thae/opar):  /12.8^ 

KTTR:  S.l<2) 

HIGH  FAILURE  RATE  ITEMS:  receiver, 
algnal  comparator,  delay  line,  trigger 
pula*  amplifier 

MAXIMUM  VOLTAGE:  30kV 

A.C.  POWER  CONSUMPTION:  J9fcvA 

estimate 


u;  central  Electric 
(2)  3-M  data  for  Jan  76  through  June 
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3.  The  AN/APS-125  Radar 

(C)  The  AN/APS-125  is  the  third  and  latest  in  a series  of  General 
Electric  Company  radars  developed  for  use  in  the  Grumman  Aerospace 
Corporation  E-2  carrier  based  aircraft.  The  AN/APS-125  is  not  yet 
operational,  and  reliability  data  is  based  on  General  Electric  and 
Grumman  operating  experience.  The  AN/APS-125  incorporates  recent 
advanced  technology  features  such  as  an  improved  pulse  compression 
device,  auxiliary  sidelobe  cancelling  antennas  and  receivers,  and 
significantly  improved  reliability  and  maintainability.  The  AN/APS- 
125  is  the  first  in  this  series  of  Naval  AEW  radars  to  include  a 
contractural  requirement  for  a minimum  100  hour  MTBF  capability. 

The  AN/APS-125  is  also  the  first  of  the  series  for  which  each  produc- 
tion system  must  pass  a 100  hour  system  burn-in  under  cycled  vibra- 
tion, temperature,  and  operate  periods. 

(V)  The  MTBF  and  maintainability  data  shown  in  Table  XIII  are 
not  of  the  same  category  as  cited  for  the  AN/APS-96  and  AN/APS-120. 

The  AN/APS-125  data  is  based  on  three  systems,  only  one  of  which  is 
operating  in  an  E-2  aircraft,  and  in  each  case  the  systems  are 
operated  and  maintained  by  contractor  personnel. 

(C)  The  block  diagrams  for  the  AN/APS-120  and  the  AN/APS-125  are 
essentially  identical  with  that  for  the  AN/APS-96.  There  Is  also  no 
difference  in  external  appearance  of  the  aircraft  fitted  with  the 
three  ’-adars.  A photograph  of  the  APS-125  in  its  factory  test  posi- 
tion is  shown  in  Fig.  11. 
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Fig,  9 (C)  - AN/ A-PS-96  block  dltgrio  (U) 
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Hg.  10  (0)  - AJl/AM-96  radar  (0) 
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(C)  TABLE  XII 

AN/APS-120  Radar  Parana  ter*  (U) 


FUNCTION:  jearch  and  hetgnc  finding 
for  airborne  early  warning 

FREQUENCY  RANCt  (MHt):  406-450 

PEAK  POWER  (kW):  1000 

AVERAGE  POWER  (W):  3?40 

TRANSMIT  PULSE  LENGTH  (ua):  12. 8 

COMPRESSED  PCLSE  LENGTH  (ua):  0.2 

PULSE  RATE  (ppa):  298-303.5 

TRANSMITTER  TYPE:  coherent  maacer 
oaclllator,  power  aapllfler 

OUTPUT  TUBE:  coazltron 

EMISSION  BANDWIDTH  (fc Ha):  6250 

WAVEFORM:  pulsed,  linear  FM 

IP  FREQUENCY  0*t):  30 

IP  BANDWIDTH  (kHz) : *250 

SENSITIVITY  (die):  -121  (nanual  node) 

NOISE  FI  CURE  (d»):  4 

OUTPUT  SATA:  video  for  TPI  display, 
automatic  detection 
SPF.CIAL  SIGNAL  PROCESSING:  pulse 
cos^resslon,  A*T1,  displaced  phase 
center  antenna,  staggered  PRP 

ANTENNA  TYPE:  Tagl  array 

ANTENNA  SIZE:  0.76*  a 73*  (2, 5’*  24’) 
ANTENNA  GAIN  <d») : 22 

POLARIZATION:  horltootal 

REAMWTDTH  (deg):  NORZ.  «.* 

VERT.  20 


ANGLE  COVERAGE  (deg):  KORZ.  360 

VERT.  20  . 

SCAN  RATE:  HORZ.  ( rps. 

VERT.  S/A 

SECTOR  SCAN  RATE:  si  A 

ANTENNA  WEIGHT  (kg):  1044  (2300  lha.) 

BEAM  POSITIONING  TECHNIQUES : ' 

HORZ.  Mechanical  scan 
VERT,  fixed 
LOSING  TYPE:  N/A 

LOBING  RATE  (Ha):  s/A 

CALCULATED  DETECTION  RANGE  ON  1-M2 
TARGET  (nal) : 120  (2221») 

ANGULAR  ACCURACY:  N/A 

CROSS  WEICHT  (Vg):  1952  (4300  lbs.) 

MANUFACTURER:  General  Electric 

NUMBER  (Mfg/oper):  34/34 

NAVY  COCNIZANT  CODE:  PH*  231  ■ 

TECHNICAL  MANUALS:  CAC 

NOMENCLATURE  ASSICJMEMT  DATE:  1969 
NUMBER  OP  ELECTRONIC  PARTS  USED:  19,000(1) 
KTBF  (theo/oper):  77/17.5(2) 

MTTR:  8.0<2) 

HIGH  FAILURE  RATE  ITEMS:  signal 
comparator,  receiver,  pulse  generator 

MAXIMUM  VOLTAGE:  25kV 

A.C,  POWER  CONSUMPTION:  25kVA 


(t)  General  Electric  eatloate 

(})  J-M  data  for  J«*  76  through  June  76 
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(C)  TABLE  XIII 

AN/APS-125  Radar  Earaacwcr*  (IT) 


FUNCTION:  overland  and  overwater  search 
aac  height  finding  for  airborne  early 
warning 

FREQUENCY  kAJCE  (MHt):  406  - 450 

PEAK  POWER  (W):  1000 

AVERAGE  POWER  (W):  3840 

TRANSHIT  PULSE  LENGTH  (as):  12.8 

COMPRESSED  PULSE  LENGTH  (-*):  0.2 

PULSE  RATE  (pps):  298  - 303.5 

TRANSMITTER  TYPE:  coherent  neater 
oscillator,  power  aag>lifler 

OUTPUT  TUBE:  coealtron 

EMISSION  BAXTVTDTH  (kHa):  6250 

WAVEFORM:  poised,  linear  FH 

IF  FREQUENCY  (MHa):  30 

IF  BANDWIDTH  (kHa):  6250 

SENSITIVITY  (dBa):  -121 

NOISE  PICURE  (dB):  4 

OUTPUT  DATA:  video  for  PPI,  au toner  lc 

detection 

SPECIAL  SICNAL  PROCESSING:  side  lobe 
cancellation,  coherent  3 pulse  digital 
ANTI , 16  pulse  FFT,  scan  to  scan  target 
processing 

antenna  T?FE:  Ysgi  array 
ANTENNA  SIZE:  0.76n  a 73n  (2.5'a  24*) 
ANTENNA  CAIN  (dB):  22 
POLARIZATION:  herlsootal 

8CAWmx  (deg):  NORZ.  4.6 

NIRT.  20 


ANCLE  COVERAGE  (deg):  H0R2.  360 
VERT.  20 

SCAN  SATE:  H0RZ.  6 rpn 
VERT.  K/A 

SECTOR  SCAM  RATE:  N/A 

ANTENNA  WEIGHT  (kali  1058  (2331  lbs.) 

excluding  pedestal^1 

BEAM  POSITIONING  TECHNIQUES: 

BORZ.  nachanlcal  scan 
VERT.  N/A 

LOB1NC  TYPE:  N/A 

LOSING  RATE  (Ha):  N/A 

CALCULATED  DETECTTCN  RANGE  ON  1-n2 
TARCET  (nnl) : 135 

ANGULAR  ACCURACY:  0.38°  to  1° 

CROSS  WEICHT  (kg):  2022  !4454  lbs.) 

MANUFACTURER:  General  Electric 
NWOER  (nfg/oper) : 10/5 
NAVY  COCNIZANT  CODE:  PMA  231 
TECHNICAL  MANUALS: 

NOMENCLATURE  ASSICWCEXT  DATE: 

NUMBER  OP  ELECTRONIC  PARTS  USED:  24,243 
HTBP  (theo/oper):  109/22. 

KTTR:  12.2(7) 

RICH  FAILURE  RATE  ITEMS:  no  pattern 

MAXIMUM  VOLT ACE:  25kV 

A.C.  POKE  CORSOMmOMt  25kVA 


(1)  Aatenaa  pedestal  Mlpits  5 06kg  (1115  Us.) 

(2)  «*SA  Report  - May-Juao  1977.  (fee*  flight  Hours  fetwoon 
Qelateaeace  Act  loo) 
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Fig.  11  (U)  - AN/AP5-125  radar  (teat  position)  (U) 
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B.  Surface  Search 

(U)  The  surface  search  function  of  the  Navy  is  handled  princi- 
pally by  the  SPS-10  and  the  SPS-55.  The  SPS-10  is  a conventional  C 
band  magnetron  radar  of  a type  that  has  been  on  many  naval  ships 
throughout  the  world  since  the  1940's.  The  SPS-55  is  an  outgrowth  of 
civilian  and  coast  guard  radars  built  within  a weight  constraint  and 
with  a low  level  of  complexity.  Transmitters  of  this  group  are 
generally  based  on  a magnetron  tube  since  good  MTI  performance  is 
usually  not  required  to  distinguish  large  ships  from  the  sea,  and 
since  a magnetron  design  minimizes  cost,  weight,  and  the  required 
peak  pulse  voltage.  The  radars  of  the  SPS-55  type  have  traditionally 
been  quite  reliable,  because  they  are  of  modest  power,  low  complexity 
and  of  a well  proven  design.  The  more  recent  versions  such  as  the  Decca 
commercial  radar  are  virtually  all  solid-state,  the  magnetron  Itself 
being  the  principle  exception. 

1.  AN/SPS-10 

(U)  The  AN/SPS-10  is  a surface  search  radar  that  operates  over 
the  C-band  frequencies  of  5450  to  5825  MHz.  The  antenna  is  an  open 
mesh  truncated  parabolic  reflector  illuminated  by  a feed  horn  sup- 
ported by  a boom  that  extends  from  beneath  the  lower  edge  of  the 
reflector,  see  Fig.  12.  Typically,  the  transmitter  and  receiver  for 
the  system  are  mounted  below  decks,  so  that  the  weight  of  equipment 
mounted  at  the  top  of  the  mast  is  minimized. 

(U)  Fig.  13  is  a block  diagram  of  the  radar,  and  Table  XIV 
lists  pertinent  operating  parameters  and  performance  data. 

(U)  It  is  difficult  to  get  current  reliability  data  on  the  SPS-10. 
FLTAC  (Fleet  Analysis  Center)  does  not  follow  the  system  and  the 
3-M  data,  developed  for  logistics  purposes,  is  not  ideally  structured 
for  reliability  analyses.  Informal  conversation  with  the  program 
managers,  reveals  that  reasonable  radar  reliability  has  been  obtained 
considering  the  age  of  its  design  and  Che  length  of  time  the  systems 
have  been  operational.  Currently,  there  is  a problem  obtaining 
replacement  transmitting  tubes  since  the  original  tube  type  is  no 
longer  in  production. 

(U)  High  failure  rate  items  for  the  SPS-10  have  included  the 
pulse  forming  network,  the  pulse  transformer,  the  AFC,  and  the  problems 
associated  with  the  aging  of  system  components.  The  system  reliability 
in  terms  of  operational  MTBF  is  estimated  to  be  180  hours.  The  same 
source,  (NAVSEA  65242)  estimates  current  MTTR  as  between  5 and  6 hours. 
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(U)  In  1977  a program  was  initiated  to  build  a modern  version  of 
the  SPS-10,  the  SPS-XX.  This  is  the  so-called  "solid  state"  version, 
although  it  should  be  understood  that  the  output  device  is  still  a 
tube,  a magnetron.  The  magnetron  is  of  the  coaxial  type,  and  not 
similar  to  the  types  originally  used  with  the  SPS-10.  One  of  the 
principal  objectives  of  the  program  is  to  develop  a radar  making 
maximum  use  of  the  Standard  Electronic  Modules  (SEM)  developed  by 
the  Naval  Avionics  Facility,  Indianapolis  (NAFI).  Since  these  conform 
to  a form,  fit,  and  function  concept,  an  individual  chassis  can 
generally  be  replaced  by  a more  modem  design  as  new  components  become 
available. 

2.  AN/APS-55 

(C)  The  SPS-55  is  a modern  surface  search  and  navigation  radar 
developed  as  a replacement  for  the  SPS-10  radar.  The  antenna  is  a 
slotted  waveguide.  With  the  exception  of  the  transmitter  magnetron, 
the  SPS-55  is  a solid-state  radar.  The  system  operates  in  X-band, 

9.05  to  10  GHz.  The  original  system  was  developed  by  Raytheon,  and 
a subsequent  production  contract  was  awarded  to  Cardion  Electronics. 

A total  of  36  systems  have  been  manufactured.  To  date  only  18  of 
these  systems  are  in  operation  in  the  fleet.  Even  though  the  radars 
are  equipped  with  elapsed  time  meters,  gross  MTBF  data  is  not  readily 
available.  The  most  readily  available  reliability  data  on  this  radar 

is  that  compiled  on  a system  at  the  Cardion  plant.  The  Cardion  oper- 
ating data  seems  to  confirm  the  700  hour  MTBF  predicted  for  the  radar 

by  MIL-HDBK-217B  computations.  The  factory  environment  is,  of  course, 

benign,  and  the  radar  is  maintained  by  Cardion  engineers  and  tech- 
nicians. The  best  estimate  by  the  NAVSEA  project  office  is  for  an 
MTBF  of  600  hours  with  the  operational  radars  but  there  is  still 
little  analysis  of  the  data. 

(U)  A block  diagram  of  the  SPS-55  is  shown  in  Fig.  14.  Fig.  15 
is  a photograph  of  the  various  SPS-55  sub-system  units.  Table  XV  is 
a listing  of  operating  and  performance  parameters,  together  with  other 
pertinent  and  appropriate  information. 
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Fig.  12  (0)  - AN/SPS-10  radar  (U) 
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Fig.  13  (U)  - Block  dlagraa  of  AN/SPS-10  radar  (0) 
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(U)  TABLE  XIV 

AN/SPS-10  Radar  Parameters  (0) 


FUNCTION:  surface  search  radar 

FREQUENCY  RANGE  (HHr):  5450  - 5825 
PE  AX  POWER  (kW):  285 

AVERAGE  POWER  (W">:  50  - 241 

TRANSMIT  PULSE"  LENGTH  (us):  0.25  - 1.3 
COMPRESSED  PULSE  LENGTH  (us):  N/A 
PULSE  RATE  (pps): • 625  - 650* 

TRANSMITTER  TYPE:  magnetron 

OUTPUT  TUBE:  QK  235 
EMISSION  BANDWIDTH  (kHz):  5000 
WAVEFORM:  pulsed  carrier 
IF  FREQUENCY  (MHx) : 30 

IF  BANDWIDTH  (kHz):' 1000,  5000 
SENSITIVITY  (dBm'*  -96,  -103 
NOISE  FIGURE  (dB)j  14 
OUTFUT  DATA:  video  to  PPl 
SPECIAL  SIGNAL  PROCESSING: 

ANTENNA  TYPE:  truncated  parabolic 
reflector 

ANTENNA  SIZE:  0.8m  x 3.2m  (2.5'x  10') 

ANTENNA  CAIN  (dB):  32 

POLARIZATION:  horizontal 

BEAMTIDTH  (da*):  "HORZ.  1.5 
VERT.  5 

(1)  There  are  about  175  of  the  B 


ANGLE  COVERAGE  (deg):  HORZ.  360 
VERT.  5 

SCAN  RATE:  HORZ.  15 
VERT.  N/A 

SECTOR  SCAN  RATE:  N/A 

ANTENNA  WEIGHT  (kg):  190  (420  lbs.) 

BEAM  POSITIONING  TECHNIQUES: 

HORZ.  mechanical 
VERT.  N/A 

LOBING  TYPE:  N/A 
LOBING  RATE  (Hz):  N/A 

CALCULATED  DETECTION  RANCE  ON  1-m2 
TARGET  (nai):  19.2  Swerllng  0 

ANGULAR  ACCURACY:  N/A 

CROSS  WEIGHT  (kg):  624  (1375  lbs.) 

MANUFACTURER:  Sylvanla,  Weston(l) 

(2) 

NUMBER  (ufg/oper) : 400/400 

NAVY  COGNIZANT  CODE:  NAVSEA  - 65242 

TECHNICAL  MANUALS: 

NOMENCLATURE  ASSIGNMENT  DATE:  I960 
NUMBER  OF  ELECTRONIC  PARTS  USED:  2106(1) 
MTBF  (theo/oper):  /80  ^ ^ 

MTTR:  5.5(2) 

HICH  FAILURE  RATE  ITEMS:  pulse  forming 
network,  pulse  transformer,  AFC,  and 
accumulated  aging  of  system  components 

MAXIMUM  VOLTAGE:  -20kV 

A.C.  POWER  CONSUMPTION:  3500  W 


version  manufactured  by  Sylvanla, 
175  of  the  F version  manufactured  by  Weston,  and  the  rest  of  by 
various  manufacturers. 

(2)  NAVSEA  sstlmats. 
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Fig.  14  (U)  - AN/SPS-55  block  diagram  (U) 
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TRANSMITTER  AND  RECEIVER 

Fig.  15  <U)  - AN/SPS-55  r«d*r  <U) 
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(C)  TABLE  XV 

AN/SPS-55  Radar  Parameter*  (U) 


FUNCTION:  surface  search  radar 

FREQUENCY  RANGE  (MHz):  9050  - 10,000 
PEAK  POWER  (kw) : 130 
AVERAGE  POWER  (W):  67/225 
TRANSMIT  PULSE  LENGTH  (us):  0.1,  1 
COMPRESSED  PULSE  LENGTH  (ua):  N/A 
PULSE  RATE  (pps):  2250/750 
TRANSMITTER  TYPE:  tuneable  magnetron 

OUTPUT  TUBE:  QKM  1792 

EMISSION  BANDWIDTH  (kHz):  12,000 

WAVEFORM:  pulsed  carrier 

IF  FREQUENCY  (MHz):  60 

IF  BANDWIDTH  (kHz):  12,000 

SENSITIVITY  (dBm):  -102,  -93 

NOISE  FIGURE  (dB):  10 

OUTPUT  DATA:  video 

SPECIAL  SIGNAL  PROCESSING:  STC,  FTC, 
LOG,  LIN  LOG 

ANTENNA  TYPE:  back-to-back,  end-fed, 
linear  arrays 

ANTENNA  SIZE:  1.9m  x 0.2m  (6'  x 0.5’) 

ANTENNA  GAIN  (dB):  31 

POLARIZATION:  horizontal,  circular 

BEAMWIDTH  (deg):  HORZ.  1.2  to  1.5° 
VERT.  20° 


ANGLE  COVERAGE  (deg):  HORZ.  360 
VERT.  20 

SCAN  RATE:  HORZ.  16  ± 1 rpa 
VERT.  N/A 

SECTOR  SCAN  RATE:  N/A 

ANTENNA  WEIGHT  (kg):  27.2  (60  lbs.)(1> 

BEAM  POSITIONING  TECHNIQUES: 

HORZ.  N/A 
VERT.  H/A 

LOBING  TYPE:  N/A 
LOB INC  RATE  (Hz):  N/A 

2 

CALCULATED  DETECTION  RANGE  ON  1-m 

TARGET  (nui):  8.3  (15.4  km)  swerling 
type  1 

ANGULAR  ACCURACY:  1° 

GROSS  WEIGHT  (kg):  526  (1134  lbs.) 

MANUFACTURER:  Cardion  Electronics 

NUMBER  (mfg/oper):  36/18  as  of  Jun  77 

NAVY  COGNIZANT  CODE:  NAVSEA  - 65242 

TECHNICAL  MANUALS:  NAVSEA  0967-LP-531- 
5010 

NOMENCLATURE  ASSIGNMENT  DATE:  1967 
NUMBER  OP  ELECTRONIC  PARTS  USED:  2717(2) 
MT8F  (theo/oper):  714/600(2) 

KTTR:  0.33*2* 

HIGH  FAILURE  RATE  ITEMS:  TR  tube, 
thyrstron 

MAXIMUM  VOLTAGE : 20kV 

A.C.  POWER  CONSUMPTION:  2.875  kVA 


(1)  With  pedestal  antenna  weight  ” 88.5kg  (195  lbs.) 

(2)  Estimate  of  project  engineer. 
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C.  2D  Radars 

(C)  The  two  dimensional  (range  and  bearing),  2D  radars  are  the 
primary  systems  for  air  target  acquisition  by  the  Navy.  They  were 
among  the  earliest  radars  developed  for  use  at  sea,  and  still  the 
first  line  of  defense  against  attacking  aircraft.  The  SPS-40,  in  its 
various  versions,  is  being  used  on  a great  majority  of  the  larger 
naval  ships.  It  is  a 400  MHz  radar  using  tetrodes  to  generate  its 
microwave  power.  Originally  it  did  not  have  an  MTI  capability  but 
throughout  a long  series  of  modifications  by  many  different  vendors, 
has  progressed  to  a coherent  canceller  with  30  dB  of  cancellation. 

Even  though  the  radar  is  a relatively  simple  one  it  has  not  had  a 
history  of  being  reliable.  Part  of  the  problem  was  caused  by  the  use 
of  a considerable  number  of  vacuum  tubes  and  devices  such  as  mechanical 
relays,  that  may  have  relatively  short  lives.  The  original  design  was 
performed  in  a very  different  climate  with  respect  to  reliability, 
than  prevails  today.  No  reliability  projections  were  made  and 
apparently  little  was  done  to  assure  that  either  the  MTBF  was  large 
or  the  MTTR  small.  The  principle  factors  that  the  radar  has  in  its 
favor  are  a relatively  straightforward  design,  a moderate  level  of 
complexity,  and  a long  history  of  modifications  that  have  tended  to 
remove  many  of  the  more  troublesome  circuits  and  components. 

(C)  The  replacement  for  many  of  the  SPS-40's  will  be  the  SPS-49. 
This  is  a radar  that  uses  the  high  UHF  band  frequencies,  850  to  942  MHz. 
The  development  of  this  radar  started  in  the  early  1960 's  but  the 
commitment  and  funding  were  uneven.  In  the  early  1970’s  after  two 
or  three  years  of  being  somewhat  ignored,  the  development  cycle  was 
accelerated.  An  almost  completely  new  design  evolved  in  which  many 
of  the  analog  circuits  were  replaced  by  digital  circuits,  and  sub- 
stantial changes  were  made  in  the  antenna,  pedestal,  etc. 

1.  AN/SPS-40 

(C)  The  AN/SPS-40  series  radars  (40,  40A,  40B,  40C,  40D)  are 
designed  as  lightweight,  high  power,  early  warning,  two-dimensional, 
air  search  radars  for  use  on  n'^al  vessels  varying  in  size  from 
destroyer  escorts  to  the  smaller  aircraft  carriers.  The  system 
operates  in  the  UHF  frequency  region  (400-450  MHz)  with  a peak  power 
of  200  KW  and  an  average  power  of  3600  W.  Fig.  16  is  a photograph 
of  the  subsystems  of  the  SPS-40;  a block  diagram  is  shown  in  Fig.  17; 
Table  XVI  lists  pertinent  operating  parameters  and  performance  data. 

These  radars  are  capable  of  free  space  ranges  up  to  90  nmi,  have  10 
operational  channels,  and  MTI  (moving  target  information).  Target 
range  information  is  displayed  on  an  A-scope,  and  video  signals  are 
provided  for  presentation  of  target  range  and  bearing  on  associated 
PPI  units. 
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(U)  The  AN/SPS-40B,  40C,  and  40D  radars  have  a LFDM  (low  flying 
detection  aode)  that  uses  an  uncompressed  short  pulse  as  an  alternate 
mode  of  operation  to  the  compressed  pulse  LRM  (long  range  node).  The 
.LFDM  is  designed  to  provide  a close-in  detection  capability  against 
fast,  small,  low  altitude  air  targets  in  a heavy  clutter  environment. 
The  AN/SPS-40C  radar  is  a field  change  conversion  of  the  AN/SPS-40 
radar  to  the  AN/SPS-40B  configuration;  the  AN/SPS-40D  radar  is  a 
field  change  conversion  of  the  AN-SPS-40A  radar  to  the  AN/SPS-40B 
configuration. 

(U)  The  radar  is  normally  operated  from  a control  and  range 
indicator  located  in  the  CIC  (combat-information-center).  In  addition, 
remote-local  switching  permits  operation  of  the  radar  set  from  the 
equipment  room. 

(U)  A common  IFF  and  radar  feed  illuminates  an  antenrs  reflector, 
thereby  eliminating  the  requirement  for  the  attachment  of  a separate 
IFF  antenna. 

(U)  The  pulse  compression  is  by  analog  techniques  and  uses  a 
steel  line. 

(U)  The  AN/SPS-40B,  40C  and  40D  sets  will  contain  a digital  MTI 
thus  providing  improved  target  discrimination  against  clutter  from  sea 
or  shore  returns. 

(L)  In  its  early  years  the  AN/SPS-40  had  a poor  reliability 
record.  The  cost  of  maintaining  this  equipment  to  achieve  an  accept- 
able availability  level  was  high,  and  the  down  time  was  excessive. 

Four  basic  causes  for  the  various  failures  of  the  AN/SPS-40  were: 

1)  Inadequate  heat  dissipation 

2)  Part  overstress 

})  Inadequate  personnel  training 

4)  Inadequate  equipment  design 

(V)  The  system  has  been  the  subject  of  msserous  and  extensive 
"get  well"  and  Improvement  programs.  The  present  AN/SPS-408  version 
has  an  improved  HTBP  of  200  hours. 


court  oc  mm 
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2.  AN/SPS-49 

(U)  The  first  production  model  of  the  AN/SPS-49  program  is  Just 
being  completed  (Mar.  1978).  It  will  be  put  through  temperature 
cycling  and  a one  g sinusoidal  vibration.  This  radar  differs  from 
the  ones  tested  In  Tech.  Eval.  and  OP  Eval.  by  the  incorporation  of 
15  to  20  ECP's  that  were  the  result  of  a major  improvement  program. 
There  has  also  been  a large  number  of  minor  changes,  e.g.,  a larger 
resistor  to  reduce  a stress  level,  or  a better  cable  combined  with  a 
rounding  of  a chassis  so  that  it  will  not  fray. 

(C)  The  system  operates  in  the  high  OHF-band  (850-942  MHz)  with  a 

peak  power  of  280  KV  and  an  average  power  of  10,000  V.  Fig.  18  is  a 
photograph  of  its  various  subsystems;  a block  diagram  is  shown  in 

Fig.  19;  Table  XVII  lists  pertinent  operating  parameters  and  perfor- 
mance data. 

(U)  There  ha i been  a reliability  demonstration,  where  three  to 
five  relevant  failures  were  experienced.  All  but  one  were  the  result 

of  a design  or  manufacturing  deficiency.  All  the  problems  have  been 

corrected  with  ECP’s.  Only  one  failure  could  have  been  considered 
to  come  under  the  random  failure  designation.  In  addition  to  the  3 
to  5 relevant  failures,  other  failures  occurred  that  were  in  areas 
where  improvements  had  already  been  initiated.  These  were  scored  as 
non-relevant  since,  in  each  case,  an  EfP  had  been  initiated  but  had 
not  yet  been  Implemented. 

(U)  The  major  are*  attacked  by  the  improvement  program,  and  the 
one  in  which  a majority  of  the  costa  were  occurring,  was  the  antenna. 
The  Jack  screw  mechanism  in  the  stabilization  platforms  was  changed 
from*  parallel  set  of  Jack  screws  to  a single  larger  screw. 

(U)  Earlier  in  the  program  twenty  critical  chasses  were  examined 
to  see  if  any  component  exceeded  50Z  of  the  maximum  allowable  stress 
level.  A few  did  and  ECP's  were  initiated  to  replace  those  com- 
ponents with  ones  of  higher  ratings.  This  program  has  continued 
and  other  areas  have  been  designated,  from  tlste  to  time,  for  such  a 
stress  level  study.  These  areas  are  chosen  by  the  reliability 
engineer  in  the  Navy's  AN/SPS-49  program  office.  It  is  not  planned 
to  encompass  sll  of  the  electronics  in  such  studies,  but  the  mech- 
anism exists  for  doing  an  additional  study  just  as  soon  as  a chassis 
or  board  becomes  suspect. 

(D)  Reliability  data,  in  this  system,  is  limited  to  ithat 
acquired  on  the  land  baaad  teat  al;e  and  that  acquired  during  Tech. 
Eval.,  OP  Eval.  and  aubaequent  experience  on  the  U.S.S  h*J.E.  The 
radar  haa  been  uaed  on  the  DALE  for  5,000  radiating  hour*  and  an 
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(U)  additional  8,000  stand-by  hours.  All  of  the  radiating  hours  have  been 
with  the  one  transmitter  tube  of  the  prototype  design.  Just  as  in 
the  reliability  test,  failures  are  ruled  relevant  only  if  both  of 
the  following  conditions  hold: 

1)  They  prevent  the  radar  from  acquiring  data. 

2)  They  are  not  in  an  area  in  which  an  ECP  is  pending. 

(U)  For  this  limited  data  sample,  the  MTBF  appears  to  lie  between 
350  and  600  hours;  the  former  figure  is  exact  in  that  it  includes  all 
"events",  i.e.,  both  relevant  and  non-relevant  failures.  It  is  to  be 
emphasized  that  this  figure  has  been  corputed  by  lumping  together 
the  data  from  both  radiation  and  stand-by  modes,  because  the  project 
office  feels  that  the  stand-by  mode,  in  some  sense,  produces  as  much 
stress  as  the  radiation  mode.  The  high-power  modulator  and,  to  some 
extent,  the  transmitter  tube  are  clearly  exceptions  to  this  position. 

(U)  As  noted  above,  a prototype  tube  was  used  in  the  develop- 
ment program.  A slightly  modified  version  of  it  was  used  in  the 
Tech.  Eval.,  Op.  Eval  and  all  subsequent  tests  conducted  on  the 
U.S.S.  DALE.  Varian  has  now  been  given  substantial  funding  to  improve 
the  tube,  make  it  ready  for  production,  and  to  build  the  required 
test  equipment  for  a production  line.  Six  or  eight  tubes  of  this 
latest  version  have  now  been  built  and  tested.  They  appear  to  be 
satisfactory. 
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^1*  ^ (C)  * AN/  SPS-40  block  dligm  (0) 
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(C)  table  xvi 

AN/SPS-40B  Radar  Peraaetara  ( 17) 


raage  op  to  200  nautical  allaa 


AHCIE  COVERAGE  (dag):  HO* 2.  360 
VERT.  M/A 


FREQUENCY  RASCE  (MU):  400-450 

PEAK  PCWER  (kU):  200 

AVERAGE  POWER  (W):  3400 

TRANSKIT  PULSE  LENGTH  (ji.)  M 

COMPRESSED  PULSE  LENGTH  (o,);  0.6 

PULSE  RATE  (ppa);  300 

TRAXSMI Tlfca  TYPE:  aaatar  oactlator, 
povar  amplifier 


OUTPUT  TUBE:  8933 

EMISSION  BANDWIDTH  (kHz):  1470 

WAVEFORM:  frequency  COM  rectangular 
pulee 

IF  moUENCT  (MHa):  13 


IP  BANIVTDTH  (kHz):  1470 


SEItSmVTTT  («.);  .12Q 

WISE  FT CURE  (dR):  5>l 


OUTPUT  DATA:  11  Mar  rldao,  m v ldao 

co^poeit#  video 

SPECIAL  SIGNAL  PROCESSIS":  pulM 
coapre.eton,  digital  MTI.  cobarent 
cancel  l«r 


SCAN  RATE:  HOBZ.  7.5,  ISrpa 

««•  K/A 
SECTOR  SCAM  RATE:  H/A 

ANTEIMA  WEIGHT  (kg):  783(1725  lb.) 

BEAM  POSITIONING  TECHNIQUES: 

®SZ,  Mechanical 
VERT.  »/A 
tOBINC  TYPE:  M/A 

U*I«  RATE  (Hr);  ,/A 
CAtCUIATED  DETECTION  RANGE  on  l-a»* 

i£C*r}Ti):  200  (wlA  v*ol»rlo«  of 
100  yarda) 

A XOUH  ACCURACT: 

CROSS  WEIGHT  (kg):  1589  (3500  lba.) 
MANUFACTURER:  Dynal  eiactroolc.  Corp. 
■WOCR  (afg/opar):  150/90 
MAPI  COGNIZANT  CODE:  iictt A 8524 
TECHNICAL  KAKALS:  NAVSRTIPS  0967-441-9010 

■WENCIATURE  ASSICABIR  DATE:  1971 
“*®“  ELECTRONIC  PARTS  USED:  10,000*** 
MT*F  (tbae/opar):  200/193^ 


AMIEHaA  TYPE:  truncated  paraboloid 


•mis  o.n*2)  ii«> 


AMTENMA  SIZE:  5.42a  x 3.5<a(17’9V'x  11*8") 
ANTE  AM  CAIN  (di):  j| 

POLARIZATION:  horlaontal;  IFF  vertical 
KAmiDTH  (dog):  NOR2.  10.5 
VERT,  20 


HICT  mum  RATE  ITEMS:  tr.na.Utar 

antenna,  NV  power  euppty  tank 

MAXIMUM  VOLTAGE:  tSkV 

A.C,  PWER  CONSIMPTION:  30,  OOOkW 


(I) 

(J> 


— — mj  ■uNiKiwrvr, 

**port 

Ml  AN/SPS-40R,  c,  aad 
0 laodtaaaa  During  Flrat  Naif  CT  1976  (»)." 
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(C)  TABLE  XVII 

AN/SPS-49  Radar  Parameters  (U) 


FUNCTION:  long  range  air  search 

FREQUENCY  RANGE  (MHx) : 850-942 

PEAK  POWER  (ktf):  280 

AVERAGE  POWER  (W) : 10,000 

TRANSIT  PULSE  LENCTH  (ye):  125  or  2(l> 

COMPRESSED  PULSE  LENGTH  (pa):  1.6<2) 

PULSE  RATE  (pps):  270/285  or  833/100(3) 

TRANSMITTER  TYPE:  klystron 
OUTPUT  TUBE:  VA  889A 
EMISSION  BANDWIDTH  (kHz) : 1000 

WAVEFORM:  pulsed  linear  coded  PM 
or  pulsed  uncoded 

IF  FREQUENCY  (MHz):  601,  42,  4 
IF  BANDWIDTH  (kHz):  380  or  800 
SENSITIVITY  (dBu):  -115 

NOISE  FICURE  (dB) : 4.5 

OUTPUT  DATA:  visual 

SPECIAL  SICNAL  PROCESSING:  pulse 

compression,  adaptive  digital  KTI, 
coherent  side  lobe  canceller, 
digital  CFAR 

ANTENNA  TYPE:  parabolic 
ANTENNA  Size:  (25')  radius 
ANTENNA  CAIN  (dB) : 28.* 

POLARIZATION:  horizontal 
BEAWIDTH  (deg):  HORZ.  3.5 
VERT.  11 


ANGLE  COVERAGE  (deg):  HORZ.  360 

VERT,  esc2  to  20 

SCAN  RATE:  HORZ.  6 or  12  rpm 
VERT.  N/A 

SECTOR  SCAN  RATE:  N/A 

ANTENNA  WEIGHT  (kg):  1611  (3,550  lbs) 

BEAN  POSITIONING  TECHNIQUES: 

HORZ.  mechanical  scan 
VERT,  line-of-slght  stabilization 
LOBING  TYPE:  N/A 
LOSING  RATE  (Hz):  N/A 
CALCULATED  DETECTION  RANGE  ON  l-mZ 
TARGET  (nml) : 2l9<4)  (Sverllng  0) 
ANGULAR  ACCURACY:  N/A 

CROSS  WEIGHT  (kg):  7823  (17,232  lbs) 
MANUFACTURER:  Raytheon 
NUMBER  (mfg/oper):  /2 

NAVY  COGNIZANT  CODE:  NAVSEA  65241 
TECHNICAL  MANUALS:  NAVSEA  0967-LP-584-8010 
NOMENCLATURE  ASSIGNMENT  DATE:  1960 

NUMBER  OF  ELECTRONIC  PARTS  USED:  1,300(5) 
MT8F  (thso/oper) : 300/600(6) 

MTTR:  1.5/ 

HIGH  FAILURE  RATE  ITEMS: 

MAXUtm  VOLTAGE:  50  kV 

A.C.  POWER  CONSUMPTION: 

85  kVA,  3 phase  9 440  Hz 
10  kVA,  single  phase  9 115  Hz 


(1)  There  sre  three  operational  modes:  two  long  range  and  one  short  range 

a.  ths  long  ranga  modes  Interlace  long  end  short  pulses 

b.  the  short  ranga  mods  uses  only  uncod sd  short  pulses 

(2)  Only  ths  long  pulse  Is  compressed 

(3)  Ths  symbol  "/"  indicates  that  pulse  rata*  can  alternate  on  successive  scans 
(*)  PD  - 0.5.  P?A  - 10** 

(5)  Primarily  a count  of  system  modules  rather  Chan  Individual  components 

(6)  Since  data  has  bean  accumulated  on  only  1 ship,  this  figure  Is  Influenced 
by  Judgment  of  reinvent  failure* 
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D.  Point  Defense 

(C)  The  need  to  extend  2D  radar  technology  to  a role  in  the 
point  defense  against  cruise  missiles  and  lov  flying  aircraft  became 
apparent  after  the  sinking  of  the  Israeli  destroyer  ELAT,  The  first 
radar,  developed  for  this  role  was  the  AN/SPS-58.  This  is  an  L-band 
radar  with  250  watts  of  average  power,  and  some  of  the  first  fielded 
digital  signal  processing.  A few  copies  of  an  alternate  version  of 
the  radar  were  built  with  a different  antenna  (AN/SPS-62).  At 
present  the  program  has  been  directed  toward  the  AN/SPS-65  version, 
one  that  shares  the  AN/SPS-10  antenna.  It  is  planned  to  modify  all 
the  earlier  versions  to  the  AN/SPS-65  configuration.  All  future 
radars  will  probably  be  of  this  type. 

(U)  The  development  cycle  has  allowed  adequate  time  for  a 
thorough  reliability  prediction  study.  The  output  tube  in  a par- 
ticularly well  proven  design,  since  it  was  used  in  great  quantities 
on  the  DEW  LINE.  The  same  tube  was  used  as  the  driver,  but  that 
design  yielded  a cumbersome  and  inefficient  package  that  required 
considerable  time  to  tune  when  changing  channels.  A cost  effective- 
ness study  initiated  by  Dr.  Waterman,  formerly  ASNRD,  pinpointed  the  driver 
as  the  first  item  to  be  considered  for  improvement  and  a new  design 
for  an  all  solid-state  driver  is  now  under  contract. 

(C)  The  newer t radar  developed  for  point  defense  is  the  TAS. 

It  is  an  L band  r'.dar  with  a uniform  antenna  coverage  up  to  nearly  75 
degrees.  The  or.ginal  impetus  was  to  aid  in  the  defense  against 
cruise  mlssiler,  but  the  requirements  were  extended,  during  the 
design  phase  to  include  high  elevation  missiles  as  well.  The  radar  has 
been  thrc-.^ii  Tech.  Eval.  and  Op.  Eval.  and  at  present  is  being  pre- 
pared for  production.  Some  redesign  is  being  done  in  the  modulator, 
but  the  principle  change  is  to  remove  a special  purpose  computer, 
built  by  the  radar  developer,  and  to  substitute  one  of  the  standard 
AN/UYK-20.  The  output  tube  is  a slight  modification  of  a design  that 
was  produced  in  large  quantities  by  Raytheon  for  the  Bell  Telephone 
Laboratories  and  under  their  guidance.  It  had  a very  good  reliability 
history  in  the  original  Bell  version. 

1.  AN/SPS-65 

(C)  The  AN/SPS-58,  63,  65  radars  are  all  basically  of  the  same 
family  with  different  antennas.  The  radar  operates  in  the  L band  of 
frequencies  (1215-1365  KHz)  with  a peak  power  of  12  kV  and  an  average 
power  of  250  W.  Fig.  20  is  a photograph  of  the  subsystems  of  the 
SPS-65,  a block  diagram  Is  shown  in  Fig.  21.  Table  XVIII  lists  per- 
tinent operating  parameters  and  performance  data. 
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(U)  As  noted,  the  transmitter  is  a solid  state  STAMO  amplified 
first  by  a driver  klystron  and  then  by  a final  klystron.  The  two 
klystrons  are  identical,  but  the  driver  uses  as  much  prime  power  to 
produce  a few  watts  as  the  output  tube  does  to  produce  several  kilo- 
watts. Large  klystrons,  such  as  the  ones  used,  have  a lower  effi- 
ciency with  a lower  drive  level  since  more  of  the  input  beam  power 
has  to  show  up  as  heat.  Originally  it  was  a slow  procedure  to  tune 
each  of  the  klystrons  because  tuning  screws,  on  a total  of  six 
cavities,  had  to  be  individually  adjusted.  Moreover,  the  process  was 
iterative  in  that  the  final  tune  on  the  driver  could  not  be  accom- 
plished until  the  first-cut  tune  on  the  output  had  been  completed. 

This  has  been  changed  to  a micrometer  tuning  arrangement  on  the  screws 
with  a calibrated  dial,  marked  in  channels.  Only  a final  "tweeking" 
against  the  power  meter  is  now  required.  The  replacement  of  the 
klystron  driver  by  a wideband  solid  state  driver,  as  previously  men- 
tioned, will  simplify  the  process  even  further,  since  only  the  output 
will  have  to  be  tuned  and  there  will  be  no  iteration.  In  addition, 
the  demand  on  the  high  voltage  power  supply  will  be  halved.  This 
derating  should  greatly  improve  its  reliability;  at  present  it  is  one 
of  the  more  failure  prone  items. 

(U)  The  receiver  for  the  AN/SPS-58  family  grew  out  of  IR&D  work 
accomplished  at  Westinghouse  in  the  early  1960's.  They  were  one  of 
the  first  companies  to  demonstrate  a successful  digital  MTI,  and 
this  work  was  extended  in  the  building  of  the  first  AN/SPS-58s.  An 
elliptic  filter,  at  the  I.F.  frequency,  shapes  the  samples  so  that 
there  is  essentially  only  one  filter  in  each  range  bin.  After  transfer 
to  base  band,  the  filter  output  is  read  by  the  A/D  converter  for  the 
MTI  processing  which  is  accomplished  by  a recursive  five-pulse  design. 
The  recursive  design  permits  much  sharper  filter  slopes  for  the  same 
number  of  delays  at  the  cost  of  a poorer  transient  response.  This  is 
acceptable  in  the  AN/SPS-58  since  the  PRF’s  are  relatively  low  and 
when  switched,  second  time  around  clutter  is  not  usually  present  to 
cause  transients. 

(C)  The  receiver  has  the  reliability  expected  from  a first,  and 
in  some  portions,  second  generation  digital  design.  A principle 
problem  is  logistics,  which  has  kept  many  radars  inoperative  for  an 
extended  period  of  time.  This  was  aggravated  by  an  overly  optimistic 
approach  to  the  allotment  of  spares,  and  by  an  inaccurate  estimate  of 
the  types  of  spares  that  would  be  required.  Since  the  radar  was 
represented  as  one  with  a 600  hour  MTBF,  the  spares  were  ,-roportioned 
accordingly.  When  it  turned  out  that  the  MTBF  was  closer  to  123  hours, 
the  logistic  system  virtually  collapsed.  A new  table  of  spares  has 
now  been  prepared,  but  it  will  be  several  more  months  before  the  stock 
is  bought  and  delivered.  In  the  meantime  the  radar  is  acquiring  a 
very  bad  reputation.  When  the  part  must  be  secured  from  external 
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sources,  the  average  logistic  delay  is  840  hours.  Unfortunately,  it  is 
the  design  of  the  radar  that  is  being  taken  as  the  culprit. 

2.  TAS 

(C)  The  TAS  radar  is  a recent  radar  developed  for  the  Navy  and  as 
such  has  the  advantage  of  the  newest  solid  state  technology.  The  devel- 
opment was  directed  by  a group  of  Navy  radar  engineers  assembled  from 
the  staffs  of  NOSC,  NEWSES,  China  Lake,  Dahlgren,  etc.  The  present 
system  has  200  kW  peak  power  and  an  average  power  of  either  2400  or 
5600  W,  depending  on  the  mode  of  operation.  The  frequency  range  is  also 
in  the  L band,  from  1268  to  1400  MHz.  Fig.  22  is  a photograph  of  the 
system.  A block  diagram  is  shown  in  Fig.  23.  Table  XIX  lists  pertinent 
operating  parameters  and  performance  data. 

(C)  The  tube  chosen  was  a Bell  Laboratory-Raytheon  TWT  that  orig- 
inally had  a 175  kW  peak.  The  decision  was  made  to  try  to  increase  this 
to  300  kW.  The  attempt  was  not  successful.  A three  dB  improvement 
could  have  been  achieved  in  this  area  by  other  techniques  with  far  less 
risk  than  was  taken  by  altering  the  design  of  an  eminently  successful 
TWT. 


(C)  The  demand  of  power  was  pressed  because  of  the  added  require- 
ment to  see  the  high  elevation  missile.  This  implied  not  only  high 
angle  coverage  but  such  coverage  without  any  cosecant  shaping.  The 
result  was  an  extremely  low  antenna  gain  21  dB,  with  a requirement  to 
see  a missile  with  a small  radar  cross  section.  It  appears  that  the 
added  requirement  has  now  been  met  - but  the  whole  system  can  stand 
very  little  derating.  This  always  has  an  impact  on  reliability. 

(U)  For  reason  of  logistics,  and  perhaps  cost,  the  successful 
special  purpose  computer,  built  by  the  radar's  manufacturer  and  tested 
during  the  Tech.  Eval.  and  Op.  Eval,  phase,  is  to  be  replaced  by  a 
Univac.  These  general  purpose  computers  have  not  shown  the  reliability 
that  is  predicted  by  a pr~jection  from  Mil.  Stand.  217B.  There  is  no 
way  of  knowing  whether  the  special  purpose  computer  might  have  been 
more  reliable,  since  the  statistics  on  it  during  Tech.  Eval.  and  Op. 

Eval.  are  not  extensive  enough  to  be  conclusive.  All  that  can  be 
stated  is  that  reliability  is  seldom  improved  by  testing  one  device 
and  deployit.g  another. 

(U)  The  only  substantial  reliability  problem  that  showed  up 
curing  the  limited  testing  of  Tech.  Eval.  and  Op.  Eval.  was,  as  might 
have  been  anticipated,  in  the  power  supplies  of  the  transmitter.  They 
are  currently  being  redesigned  and  there  is  always  hope  that  they  will  be 
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(U)  better.  Since  the  TWT  is  gridded,  the  design  of  the  pulse  waveform 
should  not  present  the  problems  it  does  for  an  ungridded  klystron  or 
amplitron.  There  is  every  reason  to  expect  that  the  receiver  design 
will  cause  only  those  problems  associated  with  the  relatively  high 
complexity  of  pulse  doppler  circuitry.  Since  integrated  components 
are  used  extensively  and  since  they  normally  exceed  the  figures  given 
for  them  in  Mil.  Stand.  217B  by  substantial  margins,  the  receiver 
circuitry  should  have  a high  MTBF  in  spite  of  its  relative  complexity. 
Moreover,  the  use  of  BITE  is  extensive  and  this  should  reduce  sub- 
stantially the  MTTR. 


62 


CONFIDENTIAL 
(THIS  PAGE  IS  UNCLASSIFIED) 


CONFIDENTIAL 


63 


CONFIDENTIAL 
(THIS  PAGE  IS  UNCLASSIFIED) 


Fig.  20  (U)  - AN/SPS-65  radar  (U) 


CONFIDEmAL 


(C)  TABLE  XVIII 

AN/SPS-65  Radar  P*ra»eter»  (V) 


FUNCTION':  acquisition  radar  for  point 
defense 

FREQUENCY  *AMCE  (MH*):  1215  - 1365 
PEAX  POT  I (ktf):  12 
AVERAGE  POT*  (V):  250 
TRANSMIT  PUT St  tMCTS  („*):  7 
COMPRESSED  PULSE  USCTS  (as):  S/A 
PULSE  KATE  (ppa):  22  M to  3069 
TRANSMITTER  TYPE:  klystron 

01TKT  TUBE:  SALOS93 

EMISSION  BANDWIDTH  (kH*> 

WAVE FORM : rectangular  fx.lsed  carrier 

IF  FREQUENCY  (MR*): 

IF  BANDWIDTH  (kHz):  130 

SENSITIVITY  (dial):  -11* 

*01  *1  Halt  (41):  4 

OUTPUT  DATA:  range , ninth,  doppler 

SPECIAL  SIGNAL  PKOCtSSINC:  digital  gated 
»m,  7 pul se  canceller,  log  PTC 

AXTECXA  TYPE ■ shares  antenna  with  S PS-10 
ANTtNM  SXZt : Ml  I*  (17ft  a )ft)(l> 

asttwa  gain  fdt>:  7) 

POlAKIZATtO*:  mtl««l 


ANCLE  COVERAGE  (dag):  H0R2.  360° 

VEKT.  * 9.5 

SCAN  KATE:  BOR 2.  15  rpa 

VEKT.  S/A 

SECTOR  SCAB  KATE:  K/A 

ANTENNA  WEICHT  (kg): 

BEAK  POSITIONINC  TECHSICUES: 

H0K2.  aachanical 
VEKT.  fixed 

LOSING  TYPE:  S/A 
LOSING  RATE  (Ha):  s/A 

CALCULATED  DETECTION  KASCE  ON  1-M2 
TAKCET  (rsal):  22.5 

ANGULAR  ACCURACY:  S/A 

CROSS  WEICHT  (kg):  639  (1400  lba.) 

MANUFACTURER : Vastfaghouae 
NUMBER  (pfg/opor): 

NAVY  COGNIZANT  CODE:  PWS  404-50 
TTCSSTCAL  MANUALS: 

NOKENCL  U ASSICWNT  DATE: 

NUMBER  C»  ELECT* ONTO  PARTS  USED:  5100 

MTBF  (theo/oper) : 400/12 J(J) 

MTTB: 

SICS  FAILURE  RATC  TTTW  trantMlttar 
power  supplies,  receiver  STC  amplifier 

MAXIMUM  YOtTACX:  |A,000  V 

A.C.  POWER  CONSUMPTION!  t kVA 


•tAPSTIDTR  (deg):  NONE.  5.4 

ntr.  is 

(1)  Oaaa  A*/tpe>10  aatuai  with  aadl f led  L/C  Mad  feed. 

(»  PLTAC  ha  part  ■».  R4 1 >24-74,  Ail  Is  FIT  AC* » fleet  repeat  ea  tkia  ppsten. 
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(C)  TABLE  XIX 

IFD/TA S MASK  23  Radar  Parameters  (0) 


FUNCTION:  automatic  target  acquisition, 
tracking  and  designation  to  point  defense 
weapons'^ 

FREQUENCY  RANCE  (MHz):  1268  - 1400 

PEAK  POWER  (ktf):  200 

AVERAGE  POWER  (W):  2400  or  5600(2) 

TRANSMIT  PULSE  LENGTH  (us):  3.8  or  42 

COMPRESSED  PULSE  LENGTH  („z):  3.8 

PULSE  RATE  (ppa):  2660/3570  or  635/750f3> 

TRANSMITTER  TYPE,  high  power  grid 
pulsed  TUT 

OUTPUT  TUBE:  Qry  17071 

EMISSION  BANDWIDTH  (kHz): 

WAVEFORM:  pulsed  uncoded  (normal),  pulsed 
linear  FM  (long  range) 

IF  FREQUENCY  (MHz ) : Ut:  270,  2nd:  30 

IF  BANDWIDTH  (kHz):  220 

SENSITIVITY  (dBm):  -H7,  -122,  -125(3> 

■OISE  FIGURE  (dl) : 2.8 


ANGLE  COVERAGE  (deg):  HCRZ.  36G 
VERT.  90 


SCAN  RATE:  HORZ.  30  (normal,  mixed), 
r-  S/A 


15  long  r*n§|j[T 


SECTOR  SCAN  RATE:  up  to  eight  10  sectors 
per  scan 

ANTENNA  WEIGHT  (kg):  906  (1995  lbs.) 
including  pedestal 
BEAM  POSITIONING  TECHNIQUES: 

HORZ.  roll  stabilization  (up  to  30°) 
VERT.  N/A 


LOt INC  TYPE:  N/A 

LOSING  RATE  (Hz):  S/A 

CALCULATED  DETECTION  RANGE  ON  1-m* 
TARCET  (nasi):  21.3,  59.3 

ANGULAR  ACCURACY:  N/A 

CROSS  WEICHT  (Vg):  4»20  (9075  lba.) 

MANUFACTURER:  Hughes  Aircraft  Co. 

HUNKS  (nfg/opor):  43/2 

HAVE  COCinZANT  CODE:  PNS  404-50 


OUTPUT  DATA:  range,  azimuth,  doppler, 
and  video 

SPECIAL  SIGNAL  PROCESSING:  digital, 
double  MT1  la  cascade  with  8 range-gated 
doppler  filter#,  two-pula#  non -coherent 

ANTENNA  TYPE-  IS'efeewnc  linear  array 
ANTENNA  SIZE-  4.27m  X 0.61m  (U’z  2') 
ANTENNA  GAIN  <d»)  : 21.8 
POLARIZATION:  vortical 


TECHNICAL  MANUALS:  NAVSEA  OP  4199  (PMS/SHS) 
NOMENCLATURE  ASSIGNMENT  DATE: 

NUMBER  OF  ELECTRONIC  PASTS  USED:  19,369 
MTST  (thao/opor):  200/365 
MTTI:  1.6 

RICH  FAILURE  RATE  ITEMS : power  supplies 
transmitter  deck,  tC's.  tranaiatora, 
aluminum  oxide  capacities 


BEAWIOnt  (deg):  HOtZ.  3.4 
VIST.  75 


MAXIMUM  VOLTAGE : 38  XV 

A.C.  POWER  CONSUMPTION:  5) XV  a tONa 
200 » o 400Ha 


(t)  Three  operating  mode#  ezist  • a normal  mod*  Inetnanoatod  to  Jliml,  a long 
rang*  mod*  instrumental  to  UOnml  and  a mia«d  mad*  which  la  a sequent ial 
combination  of  two  abort  rang#  and  am#  long  range. 

(I)  For  one  parameter  in  which  two  mashers  ora  given  separated  by  "or"  the  firat 
number  applies  ta  the  normal  mode  or  short  range  sc on a of  a lead  nod#  and  the 
attend  neuter  apptloa  to  He  long  rang#  made  or  long  rang*  scans  of  mtaod  mods. 

(3)  Tho  pwtaa  rata  in  noth  node  alternates  fra*  aeon  to  acao. 
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E,  Air  Traffic  Control 


(U)  The  Navy  air  traffic  control  function  is  performed  on 
carriers  by  the  AN/SPN-3?  and  the  AN/SPN-43  and  will  be  done  at  many  of 
the  naval  airfields  by  the  newly  acquired  AN/FPN-59.  These  radars 
differ  from  the  2D  search  radars  in  two  particulars:  they  have  a 
considerably  less  stringent  long  range  requirement,  and  skin  track  of 
targets  is  not  of  prime  importance  since  most  of  the  tracked  planes 
respond  via  beacon. 

(IT)  This  report  concentrates  on  the  AN/SPN-43  rather  than  the 
AN/SPN-37  since  it  is  the  newer  version  of  the  Gilfillan  technology. 

(U)  The  FPN-59  is  not  a Navy  development  but  a radar  bought  by 
the  Navy  to  an  FAA  Specification.  It  has  been  the  subject  of  an 
extensive  report  just  published,  NRL  Memorandum  Report  3719.  Docu- 
mentation of  the  reliability  of  the  equipment  is  particularly  complete 
since  each  copy  of  the  radar  is  bought  by  the  FAA  with  a one  year 
warranty  a process  Chat  keeps  the  developer  and  the  project  office 
highly  aware  of  the  performance  of  the  fielded  radars.  Moreover, 
the  radar  runs  24  hours  a day  at  each  site  and  some  of  the  sites  have 
been  in  operation  over  two  years  so  the  data  is  extensive. 

1.  SPN-43 

(C)  The  AN/SPN-43  was  a replacement  for  the  Raytheon-built  AN/SPN- 
6 and  was  first  delivered  in  1969.  A newer  version  with  a new  pedestal 
and  antenna  appeared  in  1972.  The  radar  has  a peak  power  of  850  kW 
and  an  average  power  of  861  V.  It  operates  in  the  S-band  of  fre- 
quencies (3590-3700  MHz).  Fig.  24  is  a photograph  of  the  system 
antenna;  a block  diagram  of  the  radar  is  shown  in  Fig.  25,  & listing 
of  the  pertinent  operating  parameters  and  performance  data  appears 
in  Table  XX. 

(U)  There  are  fifteen  radars  at  sea,  all  on  carriers,  plus  two 
on  shore:  one  at  the  training  school  and  the  other  at  NESTEF  (Naval 
Electronics  Systems  Test  and  Evaluation  Facility) . 

(U)  The  original  stabilization  brakes  were  mechanically  unaccept- 
able and  the  redesign  for  new  brakes  proved  satisfactory  when  tested 
at  NESTEF.  The  only  pair  of  these  that  have  actually  been  replaced  on 
a carrier  were  those  on  the  Forrestal's  radar.  She,  however,  has 
been  laid  up  and  the  project  office  la  unwilling  to  modify  the  brakea 
on  all  the  other  ships  until  at  leaat  one  set  haa  been  tested  at  sea. 
There  are  also  servo  motor  problems,  especially  on  thosa  carriers 
where  the  servos  operate  in  a stack  gas  environment. 
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(u)  The  only  major  electronic  problem  has  been  with  the  magnetrons. 

There  has  been  an  operational  problem  with  the  capture  of  the  flag 
halliards  by  the  rotating  antenna.  One  suggested  solution  has  been  to 
shut  down  rapidly  whenever  this  occurs.  An  alternative  approach, 
suggested  by  NESTEF,  is  to  design  the  halliards  so  they  will  not 
interfere.  A restraining  loop  or  a spring  loaded  continuous  loop 
similar  to  one  used  on  a draw  drape  should  suffice. 

2.  FPN-59 

(U)  The  FPN-59  is  identical  to  the  FAA’s  airport  terminal  radar, 
the  ASR-8.aud  is  just  being  procured  by  the  Navy.  It  is  land  based, 
operating  in  the  S-band  of  frequencies  (2700-2900  MHz)  with  a range 
up  to  70  nautical  miles.  Its  peak  power  is  1 Megawatt  with  an  average 
power  of  720  watts. 

(U)  The  antenna  is  an  open  mesh  parabola  sixteen  feet  wide  and 
nine  feet  high.  (See  Fig.  26.)  Fig.  27  is  a block  diagram  of  the  radar 
and  Table  XXV  lists  pertinent  operating  parameters  and  performance  data. 

(U)  The  ASR-8  radar  is  a dual  system  with  two  transmitters,  two 
receivers  and  two  synchronizer/processors,  feeding  and  fed  by  a large, 
common,  continuously-  rotating  antenna.  There  are  two  separate  and 
independent  drive  motors  on  the  bull  ring  gear  either  of  which  is 
capable  of  maintaining  the  rotation.  Normally,  both  radar  chains 
operate  in  the  so-called  "frequency  diversity"  mode.  One  of  the 
synchronizers  is  designated  as  master  and  the  other  becomes  the  slave. 
The  second  radar  channel  pulses  about  1.5  microseconds  after  the  first 
and  on  a different  microwave  frequency. 

(U)  The  two  returns  to  the  two  channels  are  realigned  by  the 
processor  to  bring  them  into  synchronization.  The  resulting  signals 
are  summed  in  the  various  modes  and  are  passed  via  cabling  to  the 
switchboard  that  feeds  the  displays.  Should  one  channel  fail  or  be 
under  test  or  maintenance  such  that  it  is  inoperable,  then  the  data 
to  t’*_  interface  is  provided  solely  by  the  other  channel.  This  leads 
to  some  loss  in  the  ability  to  detect  aircraft,  due  both  to  the  3 dB 
loss  in  average  power  and  a target  fluctuation  described  by  a less 
favorable  Swerling  rodel. 

(U)  Since  the  radar  is  bought  with  a warranty  claise,  failed 
parts  are  returned  to  the  contractor  for  repair  and  failure  analysis. 
There  is,  thus,  extensive  data  available  on  single  thread  reliability 
(i.e.,  the  reliability  of  the  individual  channels).  These  data  have 
been  compiled  by  counting  total  returned  parts  under  the  warranty 
and  assuming  that  the  channels  have  been  operating  continuously. 
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(U)  This  is  a reasonable  assumption  since  the  frequency  diversity  mode  is 
employed  24  hours  a day  except  during  repair  or  maintenance  actions. 

(U)  These  data  have  been  reduced  to  arrive  at  two  different  MTBF 
figures  for. the  individual  channels.  One  figure,  the  "gross"  MTBF,  was 
obtained  by  dividing  the  total  number  of  operating  hours  by  the  total 
number  of  returned  parts.’  The  only  exceptions  are  those  parts  known 
•to  have  failed  in  secondary  modes.  This  "gross"  value,  cumulated 
over  all  the  field  experience  to  Spring  1977,  is  365  hours.  A 
second  value,- the  "refined"  MTBF,  is  also  calculated.  This  figure, 
cumulative  as  well,  is  650  hours.  In  the  "refined"  value  both  secondary 
■failures  and  failures  that  the  manufacturer  has  been  unable  to  dupli- 
cate are  removed  from  the  data. 

(U)  Originally  the  returned  circuit  boards  were  tested  only  in 
a. circuit  tester,  but  more  recently,  boards  that  pass  the  tester 
have  been  further  tested  in  whatever  radar  is  undergoing  checkout 
tests  on  the  factory  floor.  The  "refined"  data  tends  to  lag  the 
"gross"  data  by  some  two  months  since  it  takes  longer  to  prepare. 

The  real  cumulative  MTBF  would  be  somewhere  between  the  two  figures, 
probably  closer  to  the  "refined".  In  all  of  this,  it  is  to  be 
emphasized  that  only  failures  are  considered  in  the  MTBF  data.  Ad- 
justments, and  the  FAA’s  technicians  make  them  frequently,  are  not 
charged  against  MTBF. 

(U)  The  FAA  is  little  concerned  with  single  thread  reliability. 

As  long  as  one  channel  is  operating,  the  system  is  available  so  far 
as  they  are  concerned.  Careful  records  are  kept, however,  of  the 
total  time  any  installation  has  both  channels  down.  This  has  been 
less  than  one  hour  per  year  per  installation. 

(U)  The  extremely  high  availability  of  the  ASR-8  is  achievable 
by  the  FAA,  not  only  through  radar  redundancy,  but  also  because  of 
their  particular  site,  logistics  and  personnel  policies.  The  radars 
are  located  at  commercial  airports,  readily  accessible  to  the  main 
supply  base  at  Oklahoma  City.  The  radars  are  maintained  by  GS-12, 

GS-13  technicians,  who  work  on  this  equipment  exclusively.  When  one 
channel  fails,  repair  starts  immediately.  There  is  no  waiting  for  out- 
side technical  assistance. 

(U)  The  original  radar  Installation  contains  an  extensive  spc  of 
spare  parts  almost  equivalent  to  that  neuded  for  an  additional  channel. 
Should  there  be  parts  needed  that  are  not  available  on  the  site,  they 
can  be  flown  In  directly  from  the  central  spare  parts  depot  at 
Oklahoma  City. 
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Fig.  25  (U)  - AN/SPN-43  block  diagram  (U) 
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(U)  TABLE  xx 

AN/SPN-43A  Radar  Parameters  (U) 


FUNCTION:  air  traffic  control  radars 
for  aircraft  carriers 

FREQUENCY  RANGE  (MHz) : 3593-3700 
PEAK  POWER  (IcW) : 85c 

AVERAGE  POWER  (W):  861 

TRANSMIT  PULSE  LENGTH  (ns):  0.9 
COMPRESSED  PULSE  LENGTH  (Ws):  N/A 

PULSE  RATE  (ppa):  1125 
TRANSMITTER  TYH:  magnetron 

OUTPUT  TUBE:  125132 

EMISSION  BANDWIDTH  (kHz): 

WAVEFORM:  pulsed  carrier 

IP  FREQUENCY  (MHz):  30 

IF  BANDWIDTH  (kHz):  2500 

SENSITIVITY  (dBm):  .JOO,  -109 (1> 

NOISE  FIGURE  (dB) : 3.5 

OUTTOT  DATA:  radar  and  IFF  video 

SPECIAL  SICNAL  PROCESSING:  SIC,  FTC, 
LIN- LOG  receiver 

ANT|NNA  TYPE:  foil-flberglaes  reflector 
CSC  elevetlon  shape  control 
ANTENNA  SIZE:  2.1m  x 3a  (7'xl0') 

ANTENNA  CAIN  (dB):  32 

POLARIZATION:  horizontal 


ANGLE  COVERAGE  (deg):  HORZ.  360 
VERT.  4,2 

SCAN  RATE:  HORZ.  15  rpo 
VERT.  N/A 
SECTOR  SCAN  RATE:  N/A 

ANTENNA  WEIGHT  (kg) : 1543  (3400) 

BEAM  POSITIONING  TECHNIQUES: 

HORZ.  N/A 
VERT.  N/A 
LOSING  TYPE:  N/A 

LOBING  RATE  (Hz):  N/A 

CALCULATED  DETECTION  RANGE  ON  1-m2 
TARGET  (nmi):  55  (100km) 

ANGULAR  ACCURACY:  1.5  deg. 

GROSS  WEIGHT  (kg):  2719  (5990  lbs.) 

MANUFACTURER:  ITT-Cilflllan 
NIMBER  (mfg/oper):  19/15 
NAVY  COGNIZANT  CODE:  NAVE  LEX-52  01  IB 
TECHNICAL  MANIALS:  NAVELEX- 0967-436-3010 

NOMENCLATURE  ASSIGtMENT  DATE: 

NIMBER  OF  ELECTRONIC  PARTS  USED:  432 3 ^2* 
MTBF  (theo/oper):  83/77(3> 

OTTR:  3^3> 

HICH  FAILURE  RATE  ITEMS:  stabilization 
Brake,  stabilisation  servo  motor, 
azimuth  bull  gear  bearing,  magnetrons 

MAXIMUM  VOLTAGE:  -50kV 

A.C.  POWER  CONSUMPTION:  21kVA 


BEAMfIDTH  (deg):  HORZ.  1.5 

VERT.  4.2  CSC2 
to  45 


(1)  Sensitivity  with  parametric  mepllfl 
"off"  • -100  dBm,  "on"  » -109dBm. 

(2)  ITT-Cllflllan, 

(3)  ITT-Cilflllan  estimate  as  of  1976. 


74 


• CONFIDENTIAL 
(THIS  PAGE  IS  UNCLASSIFIED) 


Pig.  26  (U)  - AN/FPN-59  r«d«r  (u) 
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(U)  TABLE  XXI 

AN/FPN-59  Radsr  Parameters (0) 


FUNCTION:  air  traffic  control  in 

terminal  area 

FREQUENCY  RANGE  (MHz):  2700  - 2900 

PEAK  POWER  (ktf):  1000 

AVERAGE  POWER  (W):  720 

TRANSMIT  PULSE  LENGTH  (us):  0.6 
COMPRESSED  PULSE  LENGTH  (us):  N/A 
PULSE  RATE  (pps):  1040 
TRANSMITTER  TYPE:  klystron 

OUTPUT  TUBE:  VA  87E 

EMISSION  BANDWIDTH  (kHz):  2000 

WAVEFORM:  pulsed  carrier 

IF  FREQUENCY  (MHz):  30 

IF  BANDWIDTH  (kHz):  2000 

SENSITIVITY  (dBm):  -110  (-108  MTI  mode) 

NOISE  FIGURE  (dB):  4 

OUTPUT  DATA:  to  displays 

SPECIAL  SIGNA-  PROCESSING:  digital 
MTI,  log  FTC,  2 or  3 pulse  canceler 

ANTENNA  TYPE:  open  mesh  parabolic 

reflector 

ANTENNA  SIZE:  2.7m  x 4.9m  (9'  x 1C) 

ANTENNA  GAIN  (dB) : 33.5 

POLARIZATION:  linear  vertical  or  <rcular, 

remotely  selectable 
BEAMWIOTH  (deg):  KORZ.  1.4 

VERT.  3C 


ANGLE  COVERAGE  (deg):  HORZ.  360 

VERT,  modified  CSC 

SCAN  RATE:  HORZ.  12.5  rpm  . 

VERT.  N/A 

SECTOR  SCAN  RATE:  N/A 

ANTENNA  WEIGHT  (kg):  908  (2000  lbs.) 

without  pedestal 

BEAM  POSITIONING  TECHNIQUES: 

HORZ.  N/A 

VERT,  slight  mechanical  adjustment 
LOBING  TYPE:  n/A  . 

LOSING  RATE  (Hz):  n/A 

CALCULATED  DETECTION  RANGE  ON  1-m2 
TARGET  (nmi) : 75 

ANGULAR  ACCURACY:  N/A 

GROSS  WEIGHT  (kg):  9080  (20,030  lbs.) 
p*r  channel 

MANUFACTURER:  Texas  Instruments 

NUMBER  (mfg/oper):  8 to  be  delivered  in 
late  1977 

NAVY  COGNIZANT  CODE:  NAVE LEX  520 

TECHNICAL  MANUALS: 

NOMENCLATURE  ASSIGNMENT  DATE:  1976 
NUMBER  OF  ELECTRONIC  PARTS  USED:  18,700(3) 
MTBF  (theo/oper):  663/300 (4) 

KITR:  0.5  hour 

HIGH  FAILURE  RATE  ITEMS:  paramp,  modulator, 
klystron  assembly 

MAXIMUM  VOLTAGE:  80  kV 

A.C.  POWER  CONSUMPTION:  10  kw  per  channel 


(1)  First  radars  of  series  are  identical  to  FAA's  ASR-8. 

(2)  Weight  includes  shelter  delivered  for  FAA  type  Installation. 

(3)  NRL  parts  count. 

(4)  Single  channel,  manufacturer's  data  as  October  1976. 
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F.  3-D 

(D)  Most  of  the  three  dimensional,  (range,  height,  and  bearing) 
radars  in  the  fleet  are  an  outgrowth  of  the  frequency  scan  radars 
developed  by  Hughes  Aircraft  in  the  1950's.*  The  Hughes  models,  cur- 
rently at  sea,  are  the  AN/SPS-39  and  the  AS/SPS-52.  They  exploy  a 
single  pencil  beam  that  is  scanned  in  elevation  by  frequency  changes 
of  the  transmitter,  and  in  bearing  by  mechanical  rotation  of  the 
«ntenna.  Under  tne  instigation  of  che  . .zal  Research  Laboratory,  ITT 
Gilfillan  developed  a variant  of  the  basic  design,  the  AN/SPS-48,  which 
radiates  nine  elevation  fceaas  by  use  of  a long  pul3e  containing  nine 
different  frequency  segments. 

(U  > In  this  study  we  have  concentrated  on  the  SPS-48  and  the  later 
SPS-48A  since  these  radars  are  recent  representative  of  the  class,  and 
the  reliability  data  on  them  has  been  particularly  extensive. 

SPS-48 

(C)  The  AS/ SPS-48,  an  S-band  radar  (2900-3100  MHz),  can  operate  in 
any  one  of  three  power  modes,  low,  medium  and  high  power.  These 
correspond,  respectively,  to  transmissions  through  the  second  (TVT), 
driver  (first  asplitron),  or  final  stage  (second  aaplitronl  of  the 
radar  transmitter.  In  the  high  power  node,  the  peak  power  is  2,200  kU, 
with  an  average  power  of  15,000  «.  fig.  28  is  a photograph  of  the 
major  subsystems;  a block  diagram  is  shown  in  Fig.  29.  A listing  of 
pertinent  operating  parameters  and  performance  data  appears  in  Table 
XXII. 


(C)  As  indicated  above,  the  radiated  signal  is  coded  with  9 dis- 
tinct carrier  frequency  segments.  The  return  signal  is  sorted  by  nine 
filters,  one  around  esch  carrier,  and  given  to  nine  different  receivers. 
Thus,  at  the  cost  of  a ninefold  increase  in  receiver  complexity,  there 
are  effectively  nine  times  as  many  radiated  pulses  as  in  the  SPS-52. 

This  overcomes  one  of  the  basic  problems  of  a 3D  radar  having  only  a 
single  beam,  l.e.,  h'w  to  locate  long  range  targets  unambiguously  and 
still  get  enough  hits  to  assure  detection  and  perhaps  even  MT I proc- 
essing. In  essence,  the  /S'/^FS-iR  has  nine  times  as  =nany  beams  to 
process  during  each  revolution  as  the  AH/5FS-39  or  AN/SPS-52.  All 
three  radars  stabilize  the  beam  with  respect  tc  ship  roll  and  pitch  by 
elec  tronic  mear-s.  The  transmitted  frequency  is  moditiod  to  change  the 
elevation  skew  angle  o f the  beam  relative  t<>  the  antenna  face. 


• (U)  There  ar?  a few  AJt/SPS-30  stacked  beam  radars  still  on  carriers 
but  they  are  slated  for  repiac^^ent . There  are  also  two  or  three  pro- 
totype phase-scan  radars,  but  nothing  exists  in  quantity  using  this 
technique. 
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(U)  The  SPS-48  radar  has  a very  high  parts  count  for  several 
reasons:  <.l)  it  was  designed  in  an  c:a  when  there  were  not  many  inte- 
grated circuits  — so  that  a si=ple  device  like  a flip-flop  will  have 
a high  parts  count;  (2)  there  are  nine  totally  distinct  receiver  chains 
behind  the  wideband  circuitry;  ( s)  there  is  an  elaborate  ?j.ot  extractor 
in  the  newest  version;  (4)  the  requirement  for  electronic  stabilisation 
of  the  bean  adds  a computer  parts  count  burden  to  the  system;  (5)  a 
coc.plex  synchronizer  is  required  to  program  the  large  number  of  fre- 
quencies for  the  electronic  scan. 

(C)  There  are,  however,  some  basic  design  advantages  in  frequency 
scan  that  reduce  the  sensitivity  of  adjustments  and  matching  require- 
ments. For  example,  one  wideband  STC  can  be  used  in  either  the  micro- 
wave  chain  or  the  first  i.F.  amplifier.  This  makes  the  channels  track 
in  amplitude  with  STC  - something  that  is  difficult,  if  not  impossible, 
to  achieve  in  a stacked  lean  3D  radar.  In  the  AN/SPS-4SA  the  MTI  is 
achieved  in  the  wideband  circuitry  for  all  nine  beams  simultaneously. 
Again,  this  aids  in  matching  but  this  time  at  a considerable  reliability 
price  in  using  quartz  lines.  The  natch  is  needed  for  interpolation 
between  beams  by  some  fora  of  amplitude  comparison.  In  the  AN/SPS-48A 
this  process  is  made  easier  by  the  close  spacing  of  the  beams.  Since 
the  AN7SPS-43  works  with  9 beas3  at  a time,  one  can  afford  to  space 
them  close  together.  A stacked  beam  radar  is  severely  limited  in  the 
number  of  beaa3  and  In  minimum  beam  spacing;  it  would  be  difficult 
physically  to  place  the  horns  cl»se  enough  together  to  get  an  overlap 
greater  than  the  3 dB  points  of  the  beams. 

(C)  Partially  due  to  the  relaxed  tolerances  of  the  frequency  scan 
design  and  partially  due  to  the  better  reliability  of  low  power  solid- 
state  circuitry  (even  if  not  highly  integrated),  the  nine  complex 
receivers  are  reasonably  reliable.  There  are  problems,  however,  in  the 
high  power  portions  of  the  transmitter.  The  reported  dita  clearly 
demonstrate  this.  The  reliability  of  the  radar  decreases  as  the 
radiated  power  increases.  The  HTBF  for  low  power  radiation  funder 
condition  cf  continuous  demand)  is  84  hours,  while  the  MTBF  for  high 
power  radiation  is  only  31  hours. 
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(C)  TABLE  XXII 

AS/SPS-48  RADAS  PARAMETERS  (C) 


FUNCTION:  loo*  range  height  finding 
air  aearch 

FREQUENCY  RANGE  (MHt):  2900-3100 

PEAK  POWER  (kW):  2200 

AVERAGE  POWER  (V):  15,000 

TRANSMIT  PULSE  LENGTH  (-a):  26.5 

COMPRESSED  PULSE  LENCTH  (-a): 

PULSE  RATE  (ppa):  IS!  to  1318 

TRANSMITTER  TYPE : frequency  ayntheeiaer 
pave,  amplifier 

OUTPUT  TUBE:  a^lltrcn  OKS -15*1 

EMISSION  5AXDUTDTH  (kHt):  150 

WAVEFORM:  pul  ted  carrier 

IF  FREO'TNCY  £«*):  ooltipte  IF 
freqttenclea' 

IF  6ANUWID  At):  J}0 

SENSITIVITY  <«■):  -JOB 

WISE  FI  CUBE  (dl)  : $.J 

OUTPUT  DATA:  video  to  PPI  end  range- 
height  Indicator 
SPECIAL  SIGNAL  PROCESSINC:  MT1, 
automatic  tcttliltlot 

ANTENNA  TYPE : phased  array 
ANTENNA  SIZE:  *.*■  ■ *.5«  (16‘t  15* > 
ANTtNNA  GAIN  7d8> : 3g.S 
POLAR  12AT 1CW : horltontal 
SEAMWIDTH  (deg):  WR2.  1.3 

mrr.  i.« 


(1)  Multiple  IF  Fra pee n< lee:  303-32*, 

* IT. 

(2)  Pleat  Analytic  Report  MI-132*, 
for  lou,  aadlaa,  and  High  power. 


ANGLE  COVERAGE  (deg):  HOR2.  360 
VERT.  0-45 

SCAN  RATE:  H0R2.  7.5,  15  rpo 

VERT.  computer  prograaawd 

SECTOR  SCAN  RATE:  N/A 

ANTENNA  WEICHT  (kg):  2038  (4495  lbe.) 

BEAM  POSITIONING  TECHNIQUES: 

HORZ.  aechanical 

VERT,  progr stated  incremental 
, frequ  ncy  change 
LOSING  TYPE:  N/A 

LOSING  RATE  (H-):  n/A 

CALCULATED  DETECTION  RANCE  ON  l-n2 
TARGET  (am i):  220 

ANGULAR  ACCURACY:  1/16° 

CROSS  WEIGHT  (kg):  918*  (20.259  16a.) 
MANUFACTURER:  ITTCilfillten 
HMCR  (afg/oper):  62162 
NAVY  COGNIZANT  CODE:  NAVSCA  *5231 
TECHNICAL  MANUALS:  MAVSHIFS  6967-186-1010 
NOttNCLATURE  ASSICWCN7  DATE: 

AMBER  OF  ELECTRONIC  PARTS  USED:  250. 000 
MTIF  (theo/oper):  /8*.  58.  32  <2) 


NTTR:  7.5 


(2) 


RICH  FAILURE  RATE  ITEMS-  Oupleaer  ATR  Tube 
(W60421B),  Dry  Air.  Thvretron  (V-75903), 

( V-79502).  A (V-79301).  Second  Stege  Aaplitron, 
*00  Me  Fine  Synchro  Frequency  Svntheeiaer 
TWT  (V-6340I ) 

MAXIMUM  VOLTACE:  *0-70  kV 
A.C.  POWER  CONSUMPTION:  lit.*  kVA 

23,  28.3,  28.  28.5.  31,  32.5.  3*.  33.3, 


MI7  wader  tend  It  Inn  of  cant  inttou*  dtnenf 
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G.  Missile 


i'u)  The  original  seni-active  missile  system  was  the  Sparrow, 
developed  by  the  Navy’s  Bureau  of  Aeronautics.  The  Army,  under  the 
Hawk  program,  developed  a missile  system  with  greater  detection  and 
acquisition  range.  The  Navy  in  turn  built  on  the  Hawk  technology  to 
produce  a version  of  the  Terrier  which  had  the  first  semi-active 
guidance  for  use  in  a ship-to-air  version. 

(C)  The  tracking  and  illuminating  radars  used  for  the  modern 
Tartar,  Terrier  and  Standard  Missiles  are  of  the  AN/SPG-51  and  the 
AN/SPG-55  families.  Each  contains  two  radar  transmitters,  a pulse 
transmitter  used  in  conjunction  with  a conical  scan  or  monopulse 
receiver  for  target  tracking  and  a CV  transmitter  for  target  illumina- 
tion. This  report  has  chosen  the  AN/SPC-51D  as  typical  of  the  family, 
since  it  is  the  newest  of  these  radars  and  the  only  one  built  in  a 
reliability  conscious  era. 

AN/SPG-51D 

(C)  The  AN/SPG-51D  is  an  update  of  the  AN/SPG-51C.  The  principal 
change  is  in  the  pulse  transmitter.  The  klystron  was  replaced  by  a 
TVT  to  permit  the  transmission  to  be  chosen  from  a much  wider  bandwidth. 
The  new  system  is  frequency  agile  over  8 channels  chosen  from  32.  In 
addition,  the  ar-re  recent  design  has  permitted  the  incorporation  of  a 
much  larger  percentage  of  integrated  circuits  and  of  modern  digital 
circuitry. 

(c)  Data  on  the  radar  have  been  gather  principally  from  three 
ships  (a  total  of  10  radar  sets  - 4 each  on  two  ships  and  2 on  the  third) 
Supposedly,  the  data  is  not  typical  of  what  the  future  reliability  will 
be  since  there  has  been  an  extensive  reliability  improvement  program 
conducted  by  the  manufacturer  under  the  direction  of  NAVSEA.  For 
example,  between  1 July  76  and  30  June  77,  the  pulse  transmitter  failed 
87  times  for  an  MTBP  of  71.6  hours.  The  CWI  transmitter  (which  is 
used  much  less)  failed  26  times  for  a MTBF  of  46.6  hours.  The  mean 
repair  times  were  exceptionally  long  because  of  the  relative  inexperience 
of  the  crew  with  the  new  equipment,  the  incompleteness  of  the  manuals, 
and  the  large  proportion  of  transmitter  failures.  Transmitter  failures 
usually  take  longer  to  repair  than  failures  in  the  receiver  or  processor. 

<C)  In  addition  to  Che  poor  reliability  of  the  output  sections  of 
the  transmitters  there  has  been  s low  MTBF  in  the  STAMO  that  drives 
the  CWI  (627  hours).  A STAMO  should  not  constitute  this  much  of  a 
problem  and  another  vendor  for  this  component  might  be  indicated. 

Problems  have  shown  up  in  the  cooling  system,  particularly,  in  the 
hoses  and  in  their  connectors.  There  is  some  redesign  required  to 
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(C) improve  the  monitoring  of  3 TWT  driver  power  supply.  At  present, 
excessive  repair  time  is  spent  in  determining  whether  it  is  the  TWT 
or  its  power  supply  that  is  faulty. 

(U)  Reading  the  problem  status  report  on  the  radar  confirms  that 
the  reliability  improvement  program  was  urgently  required.  Every 
newly  fielded  system  has  its  share  of  problems  unless  it  has  been 
through  a test  procedure  similar  to  the  one  described  for  the  airborne 
radars  above.  The  AN/SPG-51D  should  have  been  more  reliable  since  it 
is  only  a minor  modification  of  the  AN/SPG-51C.  Reliability  was  not 
stressed  appropriately  in  the  initial  phases  of  the  design. 

(U)  A photograph  of  the  major  subsystems  appears  in  Fig.  30;  a 
block  diagram  is  shown  in  Fig.  31.  Pertinent  operating  parameters 
and  performance  data  appears  in  Table  XXIII  and  XXIV. 
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(C)  TABLE  XXII I 

AN/SFC-51D  Radar  Parameters  (U) 
(Target  Illuminator) 


FUNCTION:  an  X-band  target  Illuminator 
combined  with  an  S-band  acquistion, 
tracking  radar 

FREQUENCY  RANGE  (MHz):  10250-10500 

PEAK  POWER  (kW):  A 

AVERAGE  POWER  (V):  4000 

TRANSMIT  PULSE  LENGTH  (us):  N/A 

COMPRESSED  PULSE  LENGTH  (us):  N/A 

PULSE  RATE  (pps):  N/A 

TRANSMITTER  TYPE:  master  oscillator, 
power  amplifier 

OUTPUT  TUBE:  klystron  - VA828 
EMISSION  BANDWIDTH  (kH*): 

WAVEFORM:  CU  or  modulated  CW 

IF  FREQUENCY  (MHs):  N/A 

IF  BANDWIDTH  (kH*):  N/A 
SENSITIVITY  (dBm) : N/A 

NOISE  FIGURE  (dt):  n/A 

OUTPUT  DATA:  N/A 
SPECIAL  SICXAL  PROCESSING:  N/A 

ANTENNA  TYPE:  dual  purpose  parabolic 
reflector 

ANTENNA  SIZE:  2.5.  dim.  (7.7’) 

ANTENNA  CAIN  (dB):  45 
POLARIZATION : vertical 

BEAHrtDTH  (deg):  NOR Z.  0.9 
VERT.  0.9 


ANCLE  COVERAGE  (deg):  HOR2.  0.9 
VERT.  0.9 

SCAN  RATE:  BCRZ. 

VERT. 

SECTOR  SCAN  RATE:  N/A 

ANTENNA  WEICHT  (kg):  254  (560  lbs.) 

BEAM  POSITIONING  TECHNIQUES: 

RORZ.  via  S-band  radar 
VERT,  function 

LOB INC  TYPE:  N/A 

LOSING  RATE  (Hr):  n/A 

CALCULATED  DETECTION  RANCE  ON  l-.2 
TARGET  (omi):  n/A 

ANGULAR  ACCURACY:  n/A 

GROSS  WEICHT  (kg):  10,670  (23,500  lbs.) 

MANUFACTURER:  Raytheon 

■UMBER  (mfg/oper ) : 5/5 

NAVY  COCNIZAMT  CODE:  NAVSEA  6242 

TECHNICAL  MANUALS:  NAVSEA  OP  3541 
(PMS/SMS)  Vol  1-3 
NOMENCLATURE  ASSICMENT  DATE: 

NUMBER  OF  ELECTRONIC  PARTS  USED:  31,000(1) 

HTBF  (theo/oper):  75(2)/  90(3> 

MTTR:  g<3> 

HICK  FAILURE  RATE  ITEMS:  CWI  transmitter, 
CWI  power  supply,  dlrsctor  control 

MAXIMUM  VOLTAGE:  15kV 

A.C.  POWER  CONSUMmON:  340kVA 


O)  Raytheon  estlaaca  Includes  tracking  radar. 
(2)  Design  specification. 

(J)  RSWSZS  Preliminary  Report,  14  Dec  1977. 
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(C)  TABLE  XXIV 


AN/SPG-51D  IUd<r  Parameters  (U) 
(Tracking 


FUNCTION:  target  acquisition  and  tracking 
radar  function  combined  with  a CW  target 
illuminator. 

FREQUENCY  RANCE  (MHz):  5450-5825 

PEAK  POWER  (kW):  81 

AVERAGE  POWER  (V):  1600 

TRANSMIT  PULSE  LENGTH  (us):  2.1  - 3.2 

COMPRESSED  PULSE  LENGTH  (us):  N/A 

PULSE  RATE  (pps):  4100  (surface) 

9600  - 16700  (air) 
TRANSMITTER  TYPE:  master  oscillator, 
power  amplifier 

OUTPUT  TUBE:  TWT  608H 

EMISSION  BANDWIDTH  (kHa):  20,000  at 
-65dB  point 

WAVEFORM:  pulsed  carrier 

IF  FREQUENCY  (MBs):  660,  30 

IF  BANDWIDTH  (kHz):  1200 

SENSITIVITY  (dBm):  -115 

NOISE  FIGURE  (dB) : 8 

OUTPUT  DATA:  tracking  error  signals  in 
bearing,  elevation,  and  range 
SPECIAL  SIGNAL  PROCESSING:  C FAR  in 
doppler  domain  with  15  filters.  STC 

ANTENNA  TYPE:  dual  purpose  parabolic 
reflector 

ANTENNA  SIZE:  2.5m  dlam  (7.7') 

ANTENNA  GAIN  (dB):  39.5 
POLARIZATION:  horizontal 

BEAMWIDTH  (deg):  HOtZ.  1.6 
VERT.  1.6 


Radar) 

ANGLE  COVERAGE  (deg):  H0R2. 

VERT. 

SCAN  RATE:  HOP.Z. 

VERT. 

SECTOR  SCAN  RATE:  N/A 

ANTENNA  WEIGHT  (kg):  254  (560  lbs.) 

BEAM  POSITIONING  TECHNIQUES: 

HORZ.  sero  error  tracking,  closed  loop 
VERT. 

LOSING  TYPE:  conical  scan  or  receive  only 
LOBINC  RATE  (Hz):  16  to  110 

.CALCULATED  DETECTION  RANGE  ON  1-m2 
TARGET  (nmi):  100  (185km) 

ANGULAR  ACCURACY:  N/A 

GROSS  WEIGHT  (kg):  10,670  (23,500  lbs.) 

MANUFACTURER:  Raytheon 

NUMBER  (mfg/oper):  10/10 

NAVY  COCNIZANT  CODE:  NAUSEA  6242 

TECHNICAL  MANUALS:  NAVSEA  OP  3541 
(PMS/SMS)  Vol  1-3 
NOMENCLATURE  ASSIGNMENT  DATE: 

NUMBER  OF  ELECTRONIC  PARTS  USED:  31,000(2) 

MTBF  (theo/oper):  75^3V90*4* 

KTTR:  »<*>■ 

HIGH  FAILURE  RATE  ITEMS:  pulse  transmitter, 
antenna 

MAXIMUM  VOLTAGE:  51kV 


A.C.  POWER  CONSUMPTION:  340RVA 


(1)  Angle  coverage  fth  3D  designation,  bean  spirals  out  to  1.8  with 
2D  daetgnatiob. 

(2)  Raytheon  estimate  (includes  illinlaator). 

(3)  Design  spec  If lest  loo. 

(4)  BV.J  Preliminary  taper t,  14  Dec  1977. 
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H.  Fire  Control 

(C)  The  last  group  of  shipboard  radars  considered  in  this  report 
are  elements  in  the  gun  control  systems.  The  newest  are  the  radars  for 
the  Mark  86  and  the  Mark  92  systems.  The  Mark  86  system  was  chosen 
for  this  analysis  because  it  has  been  in  the  fleet  for  some  time  and 
it  has  been  well  documented.  There  are  two  radars  used  in  the  system, 
an  AP/SPQ-9A  which  performs  the  search  function  and  an  AN/SPC-60  which 
performs  the  tracking  function.  Both  are  relatively  low  powered  radars 
with  the  AN/SPQ-9A  having  an  average  power  of  75  watts  and  the  AN/SPG- 
60  having  an  average  power  that  varies,  depending  on  the  mode  of 
operation,  between  30  and  900  watts. 

(U)  A photograph  of  the  major  subsystems  of  each  radar  in  the  Mark 
86  configuration  is  shown  in  Fig.  32.  A block  diagram  of  the  Mark  85 
system  appears  as  Fig.  33.  A separate  block  diagram  for  the  SPG-60 
occurs  as  Fig.  34  and  a block  diagram  for  the  SPQ-9A  radar  occurs  as 
Fig.  35.  Finally,  pertinent  operating  parameters  and  performance 
data  for  the  SPG-60  and  the  SPQ-9A  are  listed  in  Tables  XXV  and  XXVI 
respectively. 

(C)  The  AN/SPQ-9A  is  somewhat  unusual  in  that  it  employs  an 
optical  system  to  produce  a non-linear  chirp  waveform.  Non-linear 
chirps  have  the  property  that  they  do  not  have  to  be  preceded  by 
weighting  in  order  to  have  acceptable  range  sidelobes.  (An  unweighted 
linear  chirp  has  the  usual  13  dB  sinx/x  sidelobes.)  The  elimination 
of  weighting  3aves  2-3  dB  of  S/N.  Unfortunately,  the  full  saving  is 
only  realized  on  the  slowest  targets.  The  higher  dopplers  produced  by 
the  faster  (and  the  usually  more  important)  targets  are  mismatched  in 
a non-linear  dechirp  process  and  this  results  in  a loss  of  most  of 
what  was  gained  by  the  elimination  of  weighting. 

(C)  The  AN/SPG-60  is  a conventional  monopulse  tracking  radar.  It 
is  coherent  with  a set  of  high  prfs  that  individually  have  no  blind 
speeds  for  the  targets  of  interest.  In  acquisition,  the  blind  ranges 
are  avoided  by  the  computer  choosing  from  the  set  of  prfs  on  the  basis 
of  range  information  available  either  from  the  AN/SPQ-9A  or  from 
another  shipboard  radar.  In  track  the  computer  uses  the  information 
coming  from  the  AN/SPG-60  itself  to  avoid  the  blind  ranges.  The  whole 
Mark  86  system,  including  the  radars,  the  optical  tracker  for  clear 
weather,  and  the  guns,  is  controlled  by  a UYK-7  master  computer. 

I.  SPQ-9A 

(U)  The  reliability  of  the  AN/SPQ-9A  has  been  improving  rather 
consistently  over  the  past  two  years  since  the  system  was  fielded. 

The  optical  pulse  compression  system  depends  on  an  arc  lamp  which  has 
s limited  life.  The  manufacturer  originally  promised  750  hours  MTBF 
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(U)  and  has  exceeded  this  by  30-50%.  Unfortunately,  the  crews  are  reluctant 
to  replace  the  lamp  as  long  as  it  is  working;  the  replacement  requires 
somewhat  elaborate  refocusing  adjustments,  and  since  the  logistic 
system  is  seldom  more  than  one  arc  lamp  ahead  of  the  demand  on  each 
ship  they  hate  to  use  the  last  spare.  The  result  is  the  identification 
of  a "low  reliability"  item  when,  in  fact,  a limited  life  item  is 
involved.  It  is  like  faulting  a diesel  engine  for  running  out  of  oix. 

(U)  In  addition  to  the  arc  lamp,  the  optical  system  has  also  had 
problems  with  the  ultra-sonic  light  modulator,  with  the  photo  tube,  and 
with  the  power  supply  for  the  lamp.  The  first  problem  appears  to  be 
caused  by  human  error  since  there  is  a suspicion  that  the  technicians 
do  not  replace  the  water  as  it  evaporates.  The  second  is  again  a lim- 
ited life  item.  An  ECP  is  now  in  on  the  lamp  power  supply. 

(U)  Lockheed  expects  that  eventually,  an  ECP  will  be  generated  to 
replace  the  whole  optical  chirp  system  with  a surface  acoustic  wave 
line.  (At  the  time  the  optical  system  was  chosen,  the  SAW  lines  were 
in  a much  earlier  development  phase.) 

(U)  The  shaft  encoders,  on  both  the  AN/SP0-9A  and  AN/SPG-60,  are 
supplied  by  the  same  vendor  and  neither  meets  its  reliability  specifi- 
cations. They  have  been  improving  and  at  present  are  at  about  50%  of 
the  required  MTBF's  i.e.,  they  now  last  6,000  and  12,000  hours.  This 
is  certainly  not  ideal  but  cannct  be  considered  a really  critical  item 
since  e^en  the  lowest  figure  is  10  times  the  theoretical  MTBF  of  the 
radar  it  serves. 

(U)  Finally,  the  AN/SPQ-9A  has  suffered  from  an  output  TWT  that  is 
still  at  only  25%  of  its  theoretical  WIBF.  Some  of  the  TWT  power 
supplies  and  protective  circuitry  were  albo  unsatisfactory  but  ECPs 
have  corrected  most  of  these  problems.  The  driver  TWT  i3  also  not 
yet  delivering  the  expected  reliability. 

2 SPG-60  ‘ 

(U)  The  AN/SPG-60,  being  more  conventional,-  has  had  fewer  unusual 
problems.  There  has  been  an  issue  with  the  klystron's  screen  supply 
but  this  has  occurred  only  when  the  equipment  was  installed  in  a 
particular  ship  yard  - so  operator  error  is  suspected.  There  is  lim- 
ited life  switch  tube  in  the  klystron  modulator;  it  should  be  replaced 
periodically  and  probably  is  not.  As  mentioned  above,  the  shaft 
encoder  still  needs  further  improvement.  • 

(U)  Most  of  the  ocher  failures  in  both  the  AN/SPQ-9A  and  AN/SPG-60 
are  well  within  the  levels  derived  from  MIL  Stand  217B  projections. 

In  a few  cases  some  component  has  failed  more  frequently  than  antic- 
ipated, but  in  this  event  an  EC?  has  been  generated  either  to  alter 
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(U)the  circuit  or  to  replace  the  unsatisfactory  component.  Generally  the 
majority  of  such  failures  occur  in  the  solid  state  circuit  boards 
and  the  alteration  or  replacement  of. a board  is  accomplished  relatively 
easily.  It  is  only  in  the  transmitters,  in  the  optical  chirp,  or  in 
the  mechanical  elements,  that  extensive  redesign  may  be  required  to 
implement  an  ECP. 
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Fig.  32  (U)  - Mark  86  gun  control  system  (AN/SPQ-9A 
and  AN/SPQ-60  radars)  (U) 
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Fig.  33  (C)  - Mark  86  gun  control  system  (AN/SPQ-9A 
and  SPQ-60  radars)  block  diagram  (U) 
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(C)  TABLE  XXV 

AN/SPG-60  Radar  Parameter*  (0) 

FUNCTION:  fire  control 


FREQUENCY  RANGE  (MHz):  8500-8709 
PEAK  POWER  (lew):  5 

AVERAGE  POWER  <W):  1000 
TRANSMIT  PULSE  LENGTH  (us):  0.25,  1,  6 
COMPRESSED  PULSE  LENGTH  (us): 

PULSE  RATE  (ppe) : 25,000  to  35,000 
TRANSMITTER  TYPE:  klystron 

OUTPUT  TUBE:  VA  956A 

EMISSION  BANDWIDTH  (kHz) : 9000 

WAVEFORM:  rectangular  pulse 

IF  FREQUENCY  (MHz):  60 

IF  BANDWIDTH  (kHz):  .01522 

SENSITIVITY  (dBm):  -99 

NOISE  FIGURE  (dB):  14.5 

OUTPUT  DATA:  analog,  digital 

SPECIAL  SIGNAL  PROCESSING:  analog 
pulse  doppler  with  5 range  gates^ 

ANTENNA  TYPE:  parabolic 
ANTENNA  SIZE:  2M  dlam  (7') 

ANTENNA  GAIN  (dB):  41 

POLARIZATION:  horizontal 

BEAMWIDTH  (deg):  HORZ.  1.2 
VERT.  1.2 


ANGLE  COVERAGE  (deg):  HORZ.  N/A 

VERT.  -30  to  +85 

SCAN  RATE:  H0R2,  n/A 
VEkT. 

SECTOR  SCAN  RATE:  N/A 

ANTENNA  WEIGHT  (kg):  1823  (4015) 

BEAM  POSITIONING  TECHNIQUES: 

HORZ.  2-axla  director 
VERT. 

LPBING  TYPE:  N/A 

LOBING  RATE  (Hz):  N/A 

CALCULATED  DETECTION  RANGE  ON  l-.'i* 

TARGET  (nml) : N/A 

ANGULAR  ACCURACY:  0.3  allliradlans 
for  15dB  S/N 

GROSS  WEIGHT  (kg):  4030  (8875  lbs.) 

MANUFACTURER:  Lockheed  Electronics 
NUMBER  (nfg/oper):  46/4  as  Jun  1976 
NAVY  COGNIZANT  CODE:  NAVSEA  65322 
TECHNICAL  MANUALS:  OP  3646 

NOMENCLATURE  ASSIGNMENT  DATE:  1971 

NUMBER  OF  ELECTRONIC  PARTS  USED:  13,137<2) 
MTBF  (theo/oper):  325(2)/308(3) 

MTTR:  7.7<3) 

HIGH  FAILURE  RATE  ITEMS:  transmitter 
power  resistors,  servo  amplifiers, 
encoder,  klystron 

MAXIMUM  VOLTAGE:  5kV 

A.C.  POWER  CONSUMPTION:  30kVA 


(1)  And  8 doppler  sub-filters  In  each  gats,  sarly-late  gates  plus 
a monopulsa  track  gats. 

(2)  Lockheed  Electronics  estimate, 

(3)  Flsst  Analysis  Center  Tech  Memo  841-1471  of  16  Sep  1976. 

(4)  ECP's  are  being  Implemented  for  the  power  resistors  and  the  encoder. 

(5)  May  temp  vlee  In  transmitter  cabinet  Is  22°C  and  10  C elsewhere. 
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(C)  TABLE  XXVI 

AN/SPQ-9A  Radar  Parana ter a (0) 


FUNCTION:  fire  control  aaareh  radar 

FREQUENCY  RANGE  (MHz):  8500  - 9800 
PEAK  POWER  (kW>:  1.6 

AVERAGE  POWER  (V):  75 

TRANSMIT  PULSE  LENCTH  (ju)  : 16 
COMPRESSED  PULSE  LENGTH  ((is):  0.112 
PULSE  RATE  (pp«):  3,000 

TRANSMITTER  TYPE:  TVT 

OUTPUT  TUBE:  Litton  44382 

EMISSION  BANDWIDTH  (kHz):  20,000 

WAVEFORM:  rectangular  pulae,  linear  FM 

IP  FREQUENCY  (MHz):  16*0,  193,  35 

IF  BANDWIDTH  (kHz):  20,000 

SENSITIVITY  (dBn) : .’19 

NOISE  FIGURE  (dB):  10.5 

OUTPUT  DATA:  digital,  and  video 

SPECIAL  SICNAL  PROCESSING:  non-linear 
optical  pulae  compression 


ANCLE  COVERAGE  (deg):  R0R2.  360 

VERT.  -3  to  +4 
SCAN  RATE:  BORZ.  60  rpn 
VERT.  N/A 
SECTOR  SCAN  RATE:  N/A 

ANTENNA  WEIGHT  (kg):  533  (1175  lbe.) 

BEAM  POSITIONING  TECHNIQUES: 

BORZ.  N/A 
VERT.  N/A 
LOSING  TYPE:  N/A 

LOSING  RATE  (Hz):  N/A 

CALCULATED  DETECTION  RANGE  ON  1-ffl2 
TARGET  (Ml):  15 

ANGULAR  ACCURACY:  n/A 

GROSS  VEICHT  (kg):  1,067  (2351  lbs.; 

MANUFACTURER:  Lockheed  Electronic* 

NUMBER  (nfg/oper):  46/4  aa  of  Jun.  1976 
NAVY  COGNIZANT  CODE:  NAVSEA  65322 
TECHNICAL  MANUALS:  OP  3855 

NOMENCLATURE  ASSIGNMENT  DATE:  1970 
NUMBER  OP  ELECTRONIC  PARTS  USED:  7969(1> 
MTBF  (thao/opar):  400/378 (2 5 


ANTENNA  TYPE:  parabolic 

ANTENNA  SIZE:  2. In  z 0.8n  (6.7'z  2 .5*  > 
ANTENNA  GAIN  (dB) : 38 
POLARIZATION:  vertical 


Firm: 


3.9 


(2) 


(2) 

HIGH  FAILURE  HATE  ITEMS:  arc  lamp' 
tneo^ar,  BF  aubaaaanbly  in  tha  fraquancy 
comrtrtar,  wr<4> 


MAXIMUM  VOLTAGE:  12kV 


BEAM7IDTH  (deg);  HORZ.  1.52 

VERT.  4 nodifled  for 
CSC2  to  2000' 
altitude 


A.C.  POWER  CONSUMPTION:  7kVA 


(1)  Lockheed  Electronic*. 

(2)  Fleet  Analyst  a Cantar  Taeh  Ha  a 841*1471  of  16  Sap  1976. 

(3)  Pailura  to  raplaea  la  an  eparatienal  problee  for  a 
United  life  lten  (are  lanp  Ufa  • 1,000  hra.). 

(A)  gCP'a  art  being  inplenented  for  the  ihaft  encoder  and  tha 
TVT  power  amplifier.  . 

(S)  Max.  tsap  rlae  under  10  C. 
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I.  The  GEOS-C  Radar 

(U)  The  GEOS-C  radar  is  a precision  satellite  radar  altimeter 
developed  primarily  to  measure  ocean  surface  topography  and  sea  state. 
Although  it  is  a non-nilitary  system,  it  is  included  in  this  section 
to  serve  as  a reference  system. 

(U)  The  GEOS-C  was  designed,  developed,  manufactured,  tested,  and 
qualified  by  the  General  Electric  Aerospace  Electronic  Systems  Depart- 
ment, Utica,  New  York,  under  contract  with  the  Applied  Physics  Labora- 
tory, The  Johns  Hopkins  University.  The  contract  covered  the  period 
September  1972  to  November  1974.  Three  systems  were  produced:  an 

engineering  model,  a rototype  model,  and  a flight  model. 

(U)  It  is  a multimode  radar  system  with  two  distinct  operating 
modes:  the  Global  Mode  and  the  Intensive  Mode.  The  key  performance 
requirements  are:  in  the  Global  Mode,  to  provide  satellite-to-ocean 
surface  height  measurements  to  a precision  of  50  centimeters  and  in 
the  Intensive  Mode,  to  provide  satellite-to-ocean  surface  height 
measurements  to  a precision  of  20  centimeters. 

(U)  The  GEOS-C  was  launched  9 April  1975,  and  as  of  15  November 
1977  was  in  earth  orbit,  functional,  and  had  not  sustained  any  failures. 
The  only  failure  experienced  by  the  satellite  system  was  the  loss  of  a 
single  diode  in  the  command  chain.  Normal  operation  was  restored 
through  the  use  of  an  alternate  command  routine. 

(U)  The  GEOS-C  radar  has  two  transmitters:  the  one  for  the  Global 
Mode  (a  power  conservation  mode)  uses  a magnetron,  L-5497;  the  other 
for  the  Intensive  Mode  uses  a traveling  wave  tube,  852HA. 

(U)  The  major  subsystems  of  the  GEOS-C  are:  (1)  the  Intensive  Mode 
transmitter  (power  supplies,  chirp  generator,  up-converter,  1-watt 
driver  TWT,  and  a 2-W  output  TWT) ; (2)  the  Global  Mode  transmitter 
(power  supply,  modulator,  and  magnetron);  (3)  Microwave  (RF  switches, 
waveguide,  and  calibration  attenuators) ; (4)  the  receiver  front-end 
(down-converter  and  preamplifier);  (5)  the  IF  receiver  (IF  amplifiers, 
pulse  compressor  and  detectors);  (6)  the  signal  processor;  (7)  the 
frequency  synthesizer;  (8)  Mode  control  circuitry  and  (9)  the  calibrate- 
test  circuitry. 

(U)  As  of  15  November  1977,  the  accumulated  operating  time  was 
approximately  60  hours  in  the  Global  Mode  and  1,350  hours  in  the 
Intensive  Mode.  The  total  "operate"  time  was  1,685  hours  of  which  335 
hours  was  warm-up  and  calibration  time. 
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(U)  Significant  features  of  the  GEOS-C  which  affect  the  reliability 
of  the  system  are: 

(a)  The  parts  count  is  6,000  parts.  This  is  modest  and 
is  comparable  to  the  parts  count  of  the  simpler  2-D  naval 
radars. 

(b)  The  power  radiated,  the  power  consumed,  aid  the  maximum 
voltages  are  all  significantly  less  than  those  of  naval  radars. 
(Maximum  average  output  power,  Global  Mode,  is  0.78  watts  and 
maximum  system  power  consumption  is  126  watts.) 

(c)  Parts  and  systems  are  subjected  to  a degree  of 
rigorous  and  extensive  "burn-in"  and  acceptance  testing,  that 
would  be  economically  unfeasible  for  a production  naval  radar 
system. 

(d)  The  system  operates  in  a benign  environment. 

(e)  The  "in-orbit-accumulated  operate  time"  as  of  15  November 
1977  was  1,685  hours.  This  is  approximately  6%  of  the  22,000 
hours  that  the  satellite  has  been  in  orbit. 

(U)  Photographs  or  the  system  appear  in  Figs.  36  and  37.  A block 
diagram  is  shown  in  Fig.  38  and  pertinent  operating  parameters  and 
performance  data  are  listed  in  Tables  XXVII  and  XXVIII  for  the  Intensive 
and  Global  Modes,  respectively. 


99 


CONFIDENTIAL 
(THIS  PAGE  IS- UNCLASSIFIED) 


100 


CONFIDENTIAL 
(THIS  PAGE  IS  UNCLASSIFIED) 


Fig.  36  (U)  - GEOS-C  satellite  (U) 
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Ftg.  37  (U)  - GEOS-C  altimeter  <U) 
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<U)  TABLE  XXVII 
CEOS-C  Raaar  Parameters  (U) 
{Intensive  Mode) 


FUNCTION:  earth  satellite,  radar 
altimeter  (Intensive  Mode  - for  high 
data  rate  and  increased  precision) 

FREQUENCY  RANGE  (MHz):  13,900 

PEAK  POWER  (kW):  2.5 

AVERAGE  POWER  (V):  0.3 

TRANSMIT  PULSE  LENGTH  (us):  1.25 

COMPRESSED  PULSE  LENCTH  (us):  0.0125 

PULSE  RATE  (pps):  100 

TRANSMITTER  TYPE:  coherent,  frequency 
synthesizer,  power  amplifier 

O’  ."PUT  TUBE:  TWT,  852HA 

f'TSSTON  BANDWIDTH  (kHz):  576,000 

i.AVEFORM:  pulsed,  linear  FM 

I>  FREQUENCY  (MHz):  300 

I-  BANDWIDTH  (kHz):  100,000 

SENSITIVITY  (dBm):  -82 

NOISE  FIGURE  (dB):  7 

OUTPUT  DATA:  digital  - status  and 
altitude,  analog  scientific  and  engineer* 
SPECIAL  SIGNAL  PROCESSING:  tng  puI*e 

pulse  compression 

.JfTENNA  TYPE:  parabolic  reflector 
ANTENNA  SIZE:  0.6m  dlam  (24") 

ANTENNA  CAIN  (dB) : 36 
POLARIZATION : linear 

GEAMilDTH  (deg):  H0RZ.  2.6 
VERT.  2.6 


ANGLE  COVERAGE  (deg):  HORZ.  2.6 
VERT.  2.6 

SCAN  RATE:  HORZ.  orbital  veloclf' 
VERT. 

SECTOR  SCAN  RATE:  N/A 
ANTENNA  WEICHT  (kg):  23  (5  lbs.) 

BEAM  POSITIONING  TECHNIQUES: 

HORZ.  N/A 
VERT.  N/A 

LOSING  TYPE:  N/A 
LOBINC  RATE  (Hz):  N/A 

CALCULATED  DETECTION  RANGE  ON  l-n>2 
TARCET  (nmi) : N/A 

ANGULAR  ACCURACY:  N/A 

CROSS  WEIGHT  Ocg):  b8  (150  lbs.) 

MANUFACTURER:  General  Electric 
NUMBER  (nug/oper):  3/1 
NAVY  COGNIZANT  CODE:  N/A(1) 

TECHNICAL  MANUALS:  N/A 
NOMENCLATURE  ASSIGNMENT  DATE:  N/A 
NUMBER  OF  ELECTRONIC  PARTS  USED?  6000 
MTBF  (thoo/oper) : 14,937/(2) 

KTTR:  N/A 

HIGH  FAILURE  RATE  ITEMS:  N/A 

MAXIMUM  VOLTAGE:  12  kV 
A.C.  POWER  CONSUMPTION:  126W 


(1)  NASA  Project  • NAS  6*2619  and  APL  372165. 

(2)  No  failure  has  been  reported  In  Space  use  as  of  15  Nov  1977  except 
for  1 diode  In  the  command  system  which  was  by-passed  by  an  alternate 
commend  routine.  Total  data  transmission  time  in  Intensive  Mode  was 
1350  hours.  Total  "on"'.ims  was  1685  hours  Including  335  hours  of 
warm-up  and  calibration. (Source  • General  Electric) 
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(U)  TABLE  XXVIII 

GEOS-C  Radar  Parameters  (U) 
(Global  Mode) 


FUNCTION:  earth  satellite,  radar 
altimeter  (Global  Mode  - power 
conservation  mode) 

FREQUENCY  RANGE  (MHz):  13,900 
PEAK  POWER  (kW):  2.5 
AVERAGE  POWER  (W):  0.78 

TRANSMIT  PULSE  LENGTH  (us):  1,  0.2 
COMPRESSED  PULSE  LENGTH  (us):  N/A 
PULSE  RATE  (pps):  100(1) 

TRANSMITTER  TYPE:  magnetron 

OUTPUT  TUBE:  L S497 

EMISSION  BANDWIDTH  (kHz):  est.  6000 

WAVEFORM:  pulsed  carrier 

IF  FREQUENCY  (MHz):  300 

IF  BANDWIDTH  (kHz):  40,000 

SENSITIVITY  (dBm) : -90 

NOISE  FIGURE  (dB):  6.5 

OUTPUT  DATA:  digital  - status  and  altitude 
analog  - -clentific  and  engineering 
SPECIAL  ,-GNAL  PROCESSING: 

ANTENNA  TYPE:  parabolic  reflector 

ANTENNA  SIZE:  0.6M  dlaa  (24") 

ANTENNA  GAIN  (dB):  36 
POLARIZATION:  linear 

BEAMJIDTH  (deg):  HORZ.  2.6 
VERT.  2.6 


ANGLE  COVERAGE  (deg):  HORZ.  2.6 
VERT.  2.6 

SCAN  RATE:  H0R2.  orbital  velocity 
VERT. 

SECTOR  SCAN  RATE:  n/A 

ANTENNA  WEIGHT  (kg):  23  (5  lbs.) 

BEAM  POSITIONING  TECHNIQUES: 

HORZ.  n/A 
VERT.  n/A 

LOBING  TYPE:  N/A 
LOBING  RATE  (Hz):  N/A 

CALCULATED  DETECTION  RANGE  ON  1-m2 
TARGET  (nml):  N/A 

ANGULAR  ACCURACY:  n/A 

GROSS  WEIGHT  (kg):  68  (150  lba.) 

MANUFACTURER:  General  Electric 

NUMBER  (mfg/oper):  3/1 

NAVY  COGNIZANT  CODE:  N/A(2> 

TECHNICAL  MANUALS:  N/A 
NOMENCLATURE  ASSIGNFENT  DATE:  N/A 

NUMBER  OF  ELECTRONIC  PARTS  USED:  6000 
MTBF  (theo/oper):  27,284/ 

MTTR:  N/A 

HIGH  FAILURE  RATE  ITEMS:  n/A 

MAXIMUM  VOLTAGE.  4kV 
A.C.  POWER  CONSUMPTION:  71W 


(1)  FRF  - lOOpps  for  l.Ous  transmitted  pulse  and  lOOpps  for  pulse  burst  of 
16  0.2us  pulses. 

(2)  NASA  Project  - NAS  6-2619  and  APL  372165. 

(3)  No  failure  has  been  reported  in  Space  use  as  of  15  Nov  1977  except  for 
1 diode  in  eoeaaand  system  vhich  was  by-psssed  by  an  alternate  command 
routine.  Total  data  transmission  time  in  Global  Mods  was  60  hours, 
including  warm-up  and  calibration  times. 
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III.  SUMMARY 

(C)  This  introduction  to  the  magnitude  of  the  Navy's  radar  reli- 
ability problem  is  summarized  in  the  following  two  tables.  In  Table  XXIX 
radar  systems  are  ranked  according  to  the  parts  count/complexity,  and 
in  Table  XXX  the  radar  systems  are  ranked  according  to  system  MTBF's. 

(C  ) TABLE  XXIX 
Rank  by  Complexity 


Radar 

No.  Part 8 

MTBF 

AN/SPS-49 

1,300(1) 

600 

AN/SPS-10 

2,106 

180 

AN/SPS-55 

2,717 

600 

AN/SPN-43 

4,323 

77 

GEOS-C 

6,000 

NONE 

AN/SPS-65(VI) 

5,100 

123 

AN/APS-96 

7,000 

12.8 

AN/SPQ-9A 

7,969 

378 

AN/SPS-40B 

10,000 

195 

AN/SPG -60 

13, 137 

308 

AN/FPN-59(3) 

18,700 

365 

AN/APS-120 

19,000 

17.5 

TAS 

19,569 

365 

AN/APS-125 

24,243 

22.6 

AN/SPG-51D 

31,000 

90 

AN/SPS-48 

250,000 

75 

(1)  Primarily  a count  of  system  modules  rather  than  individual 
components 

(2)  Satellite  Radar  Altimiter,  no  failures  in  earth  orbit 

(3)  A Navy  version  of  the  FAA's  ASR-8  Radar 
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Radar 

(C)  TABLE  XXX 
Rank  by  MTBF  (U) 

No.  Parts 

MTBF 

AN/APS -96 

7,000 

12.8 

AN/APS- 120 

19,000 

17.5 

AN/APS-125 

24,243 

22.6 

AN/SPS-48 

250,000 

75 

AN/SPN-43 

4,323 

77 

AN/SPG-51D 

31,000 

90 

AN/SPS-65(VI) 

5,100 

123 

AN/SPS-10 

2,100 

180 

AN/SPS-40B 

10,000 

195 

AN/SPG -60 

13,137 

308 

AN/FPN-59 

18,700 

365 

TAS 

19,569 

365 

AN/SPQ-9A 

7,569 

378 

AN/SPS-49 

1,300 

600 

AN/SPS-55 

2,717 

600 

GEOS-C 

6,000 

None 
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(C)  In  Table  XXXI  the  Referenced  radars  are  ranked  according  to  the 
"systems  average  parts  failure  rate,"  with  sub-divisions  to  distinguish 
between  shipboard,  airborne  and  the  miscellaneous  systems. 

(C)  TABLE  XXXI 

SYSTEM  System  Failure  Average  Systems 

Rate,  X 10^  hours  Parts  Failure  Rate, 


AN/SPS-48 

13.3 

X 10°  hours 
0.05 

TAS 

2.7 

0.14 

an/spg -60 

3.2 

0.25 

AN/SPQ-9A 

2.6 

0.33 

AN/SPS-51D 

11.1 

0.36 

AN/SPS-40B 

5.1 

0.51 

AN/SPS-55 

1.7 

0.61 

AN/SPS-49 

1.7 

1.3 

AN/SPS-65  (VI) 

8.1 

1.6 

AN/SPS-10 

5.6 

2.6 

AN/SPN-43 

13.0 

3.0 

AIRBORNE  SYSTEMS 

AN/APS-125 

44.2 

1.8 

AN/APS-120 

57.1 

3.0 

AN/APS-96 

78.1 

11.2 

MISCELLANEOUS 

GEOS-C 

0.0'6(1) 

0.09 

AN/FPN-59 

2.7 

0.15 

(1)  This  is  obtained  from  the  theoretical  design  as  the  failure  rate  of 
the  exponential  system  with  the  same  reliability  for  the  same  mission 
time.  In  actual  operation,  there  were  no  failures  and  therefore, 
the  sample  failure  rate  was  0. 
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(U)  The  graphical  plot  in  Fig.  39  is  based  on  the  data  presented  in 
TcLles  IV  and  V.  The  grouping  of  the  AEW  Radar  Sub-set  of  data  in  Fig.  39 
is  indicative  of  severity  of  the  airborne  enviornment  vs.  the  environment 
for  shipboard  system.  The  grouping  of  the  shipboard  sub-set  of  data 
suggests  a "rule  of  thumb"  such  as  the  following:  "The  probable  upper 
limit  of  shipboard  radar  system  MTBF,  based  on  1970  technology,  for  a 
"single  thread"  system  is  on  the  order  of  1,000  hours." 
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(U)  In  the  preceding  tables  it  may  be  seen  that  the  magnitude  of 
the  NAvy's  radar  reliability  problem  is  considerable.  The  problem  is 
compounded  by  a variety  of  factors,  such  as  multiple  mission  require- 
ments, and  stress  levels  that  are  infrequently  experienced  by  commer- 
cial and  non-military  electronic  systems. 

(U)  From  Fig. 39,  it  appears  that  an  "average"  current  Navy  radar 
would  exhibit  an  MTBF  of  about  200  hours.  This  means  there  would  be  a 
10%  chance  that  the  average  radar  would  fail  within  20  hours  of  "turn- 
on" and  a 257.  chance  that  it  would  fail  within  58  hours.  Conceivably, 

the  logistic  delay  and  repair  times  were  sufficiently  small,  the 

operational  availability  might  still  be  acceptable. 

(C)  This  is  not  necessarily  true.  For  example,  according  to  FLTAC 
the  MTBF  (under  continuous  operation)  for  the  SPS-40  series  radars  was 
195  hours  in  1976.  The  operational  availability,  A , was  only  0.64, 
since  the  mean  down  time  was  110  hours. 

(U)  An  increase  in  availability  to  an  interim  goal  of  0.75  could 
be  achieved  with  the  same  hardware  if  the  mean  down  time  were  decreased 
. to  65  hours;  a goal  of  0.95  could  be  reached  with  a system  down  time  of 
10  hours.  These  improvements  imply  major  changes  in  training  of  main- 
tenance personnel  and  logistics  support  programs. 

(U)  An  alternative  approach  is  to  improve  the  hardware.  Thus, 
assuming  the  same  down  time  of  110  hours,  a 0.75  availability  is  achiev- 
able with  an  MTBF  of  330  hours  and  0.95  with  an  MTBF  of  2,090  hours. 

(U)  A major  redesign  would  be  necessary  to  reach  either  of  these 
figures.  Moreover,  there  would  still  remain  the  problems  of  personnel 
performance  and  logistics  support  a maintenance  free  approach,  if 
feasible,  would  by-pass  the  maintenance  problems. 
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List  of  Acronyms 

ACQ:  acquisition  system 

AEW:  airborne  early  warning 

AFC:  automatic  frequency  control 

AGO:  automatic  gain  control 

AMTI:  airborne  moving  target  indicator 

B & W:  black  and  white 

BITE:  built  in  test  equipment 

CFAR:  constant  false  alarm  rate 

CIC:  combat  information  center 

COC:  control  officer  console 

COHO:  coherent  oscillator 

COMO:  coherent  master  oscillator 

COSRO:  comical  scan  rotator 

CSLC:  coherent  side lobe  canceller 

CWI:  continuous  wave  illuminator 

DEW:  distant  early  warning 

DIP:  dual  in-line  package 

ECP:  engineering  change  proposal 

ER:  established  reliability 

FAA:  Federal  Aviation  Administration 

FLTAC:  Fleet  Analysis  Center 

FTC:  fast  time  constant 

GFE:  government  furnished  equipment 

GP:  general  purpose 

HSS  & H:  high  speed  sample  and  held 

HVPS:  high  voltage  power  supply 

IAGC:  Instantaneous  automatic  gain  control 

IR : infra-red 
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IRM:  image  rejection  mixer 

LFDM:  low  flying  detection  mode 

LINLOG:  linear-logarithmic 

LO:  local  oscillator 

LRM:  least  replaceable  module 

LSS  & H:  low  speed  sample  and  hold 

LVPS:  low  voltage  power  supply 

MDT:  mean  down  time 

MFHBF:  mean  flight  hours  between  failure 

MG:  motor  generator 

MLT:  mean  logistics  time 

MMH/MA:  mean  man  hours  per/raaintenance  action 

MTBF:  mean  time  between  failure 

MTI:  moving  target  indicator 

MTTR:  mean  time  to  repair 

NA:  not  applicable 

N/A:  not  applicable 

HAFI:  Naval  Avionics  Facility  Indianapolis 

NASA:  National  Aeronautics  and  Space  Administration 

NAVEIEX:  Naval  Electronics  Systems  Command  Headquarters 

NESTEF:  Naval  Electronics  Test  and  Evaluation  Facility 

NOSC:  Naval  Ocean  Systems  Center 

NRL:  Naval  Research  Laboratory 

NSWES:  Naval  Ship  Weapon  Systems  Engineering  Station 

NTDS:  Naval  Tactical  Data  System 

Op.  Eval:  Operational  Evaluation 

RAM:  reliability,  availability  and  maintainability 

RISE:  Readiness  Improvement  Status  Evaluation 

ROS:  remote  optical  sight 

SEM:  standard  electronic  module 
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STALO:  stabilized  local  oscillator 

STAMOr  stabilized  master  oscillator 
STC:  sensitivity  time  control 

SHM:  superheterodyne  mixer 

Tech.Eval:  Technical  Evaluation 

TWT:  traveling  wave  tube 

VSI:  video  sweep  integrator 

WFS:  wave  form  sample 

2- D  Radar:  two  dimensional  radar 

3- D  Radar:  three  dimensions;  ra jar 

3-M:  Maintenance  and  Material  Management 
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